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behorende bij het proefschrift 
Wavfi1Iding and accessibility for visually impaired people van Else Havik l-------
1. Een elektronisch navigatiehulpmiddel (ENH) voor blinde en slechtziende mensen moet de 
mogelijkheid bieden om te kiezen tussen meerdere opties voor verbale informatie. 
2. De mogelijkheid om de volledige routebeschrijving in zijn geheel te beluisteren, voorafgaand 
aan het lopen van een route met behulp van een ENH, is voor veel gebruikers nuttig. 
3. Als het gaat om het onthouden van de route en het vormen van een cognitieve kaart kan 
men beter geen ENH gebruiken, echter het gebruik van een ENH maakt de noodzaak 
hiervoor oak kleiner. 
4. Een protocol dat bedoeld is om de effectiviteit van een ENH voor een blinde of slechtziende 
gebruiker vast te stellen dient te voorzien in voldoende tijd om het hulpmiddel te leren 
gebruiken. 
5. Shared Space-gebieden hebben met elkaar gemeen dat er bepaalde inrichtingselementen 
ontbreken, waardoor veel blinde en slechtziende mensen er meer orientatieproblemen 
hebben en zich er minder op hun gemak voelen dan in conventioneel ingerichte gebieden. 
6. Er bestaat geen definitie voor de wijze waarop een Shared Space-gebied moet warden 
ingericht en Shared Space-gebieden zijn daarom oak niet per definitie ontoegankelijk voor 
blinde en slechtzienden mensen. 
7. Richtlijnen voor toegankelijkheid zouden minder vrijblijvend moeten zijn. 
8. Door ontwerpers inzicht te geven in de specifieke behoeften van blinde en slechtziende 
mensen met betrekking tot hun zelfstandige mobiliteit kan de toegankelijkheid van de 
openbare ruimte voor deze groep aanzienlijk verbeteren. 
9. Blind zijn is iets anders dan in duisternis wandelen. (Coventry Patmore) 
10. Het beroerde is, dat de twijfel zich veel beter laat verdedigen dan de een of andere visie. 
(Gerard Reve) 
11. Je mist meer dan je meemaakt. Helemaal niet erg. (Martin Bril) 
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1.1 Wayfinding with a visual impairment 
1.1.1 Introduction to and outline of this dissertation 
It is not hard to imagine that a visual impairment can have serious 
consequences for the ability to move from one place to another. Limitations in 
this ability, which is referred to as wayfinding, are often reported to be among 
the most significant problems caused by visual impairment or blindness [e.g. 
1,2]. Problems with independent travelling can restrict the scope of daily 
activities a person can engage in, including employment, leisure and social 
activities [3], and can thus have a great impact on one's life and ability to 
participate in society. 
This dissertation contributes to research on this topic by addressing two 
relatively recent developments that have a direct impact on wayfinding for 
visually impaired people. One of these developments is the increasing 
availability of electronic travel aids and can be seen as an opportunity to 
facilitate wayfinding. The other development concerns Shared Space, a new 
trend in environmental design that possibly has negative consequences for 
environmental accessibility and may thus be a threat for independent wayfinding 
for this group. 
The first part of this introductory chapter provides general background 
information about wayfinding for visually impaired people. Section 1.2 
introduces the topics and the main research questions that are discussed in part 
A (Chapters 2, 3 and 4), which focuses on electronic travel aids. Section 1.3 
gives an introduction to part B (Chapters 5 and 6), which deals with the 
accessibility of Shared Space. Chapter 7 summarizes and discusses the main 
results. In addition, implementations of the findings and suggestions for future 
research are discussed. 
1.1.2 Visual impairment 
In 2005, the prevalence of visual impairment and blindness in the Netherlands 
was 1.36% and 0.47% respectively [4]. The majority of the visually impaired 
population is aged 50 or older and due to the ageing of the population, 
prevalence is expected to increase over time to respectively 1.61 % and 0.50% 
in 2020. It is estimated that in 2020, in a population of 16.8 million, there will 
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be some 354,000 people in the Netherlands with a visual impairment, of whom 
84,000 will be blind [4]. 
There are many definitions of visual impairment, which are usually based on 
the degree of detail that can be perceived (visual acuity) and the size of the 
visual field. In the above-mentioned study by Limburg, blindness was defined in 
conformity with the classification of the World Health Organization [5] as a 
visual acuity equal to or lower than 0.05 or a visual field that is no greater than 
10 degrees around central fixation. Low vision was defined as a visual acuity 
equal to or lower than 0.3 (but higher than 0.05) or a visual field no greater 
than 30 degrees. Visual acuity and visual field were measured in the better eye, 
with available correction. 
Definitions like the one used by the WHO are useful to present population 
data and are, in some countries, also used to determine the level of social 
support. They are based on measures of visual function (how the eye functions). 
However, they do not include information about how the person is functioning in 
daily life (functional vision). This distinction between visual function and 
functional vision is clearly outlined by Colenbrander [6]. Colenbrander further 
denotes the relative value of the concept of "blindness by definition", stressing 
that the functional value of residual vision is not to be denied. Moreover, visual 
impairment includes more than just visual field defects and decreased visual 
acuity: contrast sensitivity and sensitivity to light are for instance also important 
aspects. There is a continuum of ranges of vision loss that have no one-to-one 
correspondence with the ability to perform activities in daily life. Each individual 
person with a visual impairment experiences his/her own unique practical 
problems and their accompanying consequences regarding participation in 
society. 
In rehabilitation practice it is therefore necessary to look beyond the strictly 
defined borders of visual impairment, and focus on the individual's functional 
vision and the demand for treatment. In other words, a visual impairment can 
not be restricted to a visual acuity below 0.3, but should be seen in a broader 
perspective, depending on the experienced participation problems. 
According to the guidelines provided by the Dutch Ophthalmology Association 
[7], individuals with a visual acuity above 0.3 may also be referred for 
rehabilitation treatment if there is a clear demand for treatment. The same 
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applies to individuals with a visual field restriction other than concentric 
restriction below 30 degrees around fixation, and to those who experience 
severe problems with managing lighting conditions. 
In the studies that are described in this dissertation, categorization of the 
participants was largely in conformity with the WHO definition. However, in line 
with the NOG guidelines, some individuals with a visual acuity above 0.3 were 
also included. Although the studies involved participants with a broad range of 
impairments, the analysis of the results was restricted to the main distinction 
between blind participants and participants with low vision. 
1.1.3 Wayfinding 
When one moves from an origin to a destination, the process of determining and 
following a path between those two, including the identification of all information 
needed to do so, is referred to as wayfinding [8]. The term wayfinding 
comprises two different functions. As described by Loomis, Golledge, Klatzky 
and Marston [9; p 179], these are: 1) "sensing of the immediate environment, 
including obstacles and physically defined paths, for the purpose of moving 
through it'� and 2) "navigating to remote destinations beyond the immediately 
perceptible environment". When it comes to visually impaired people and their 
wayfinding skills, the first function is often denoted as mobility. Mobility is the 
ability to move smoothly, safely, comfortably and independently through the 
environment [10]. This includes identifying a clear walking path and noticing 
obstacles and irregularities in the ground surface in timely fashion. The second 
function requires a skill in orientation: knowing one's own position, relative in 
distance and direction to objects observed or remembered in the environment 
[11]. In order to navigate towards an endpoint, this knowledge has to be 
updated constantly while moving and thus changing position relative to the 
environment and to the goal of travel. Wayfinding further includes determining 
which path to follow to reach this goal: in which direction to proceed from the 
current position, how long to continue in the same direction and when to change 
direction. In this process, recognition of relevant landmarks (salient, distinctive 
and constant environmental features that give specific information about the 
traveller's position) can help to establish or confirm orientation and identify 
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those places where one has to change direction [12]. What constitutes a 
relevant landmark can differ for each trip and each individual [8]. 
Wayfinding can be facilitated when one has access to a mental 
representation of the space when moving about. Such an abstract mental 
representation or cognitive map [13] is constructed from spatial information that 
is obtained and stored during travel through the environment, or gathered 
otherwise, for example, from hearing a route description or inspecting a (tactile) 
map. A cognitive map includes configurational knowledge about landmarks, 
routes, distances and directions [8]. This knowledge can be used as a reference 
frame to travel to destinations within the environment, to facilitate place 
recognition, and to solve complex problems (e.g. by making shortcuts or 
detours). 
1.1.4 Visual impairment and wayfinding. 
For both blind people and people with low vision, mastering the skills required 
for independent wayfinding is a complicated and challenging task. According to 
Geruschat and Smith [14] the main differences between sighted and blind travel 
are the volume of information that can be gathered and the speed and the 
distance at or from which information can be obtained. Normally sighted people 
can establish an overview of a situation in a single glance, simultaneously 
perceiving a wide array of information, including visually salient landmarks and 
road signs. The distance from which information can be perceived facilitates 
anticipation and orientation. Without the use of vision, information has to be 
accessed mainly sequentially [15], which takes greater effort and is more time 
consuming. The absence or the limited availability of visual cues complicates the 
detection of obstacles and changes in ground surface needed to achieve smooth 
mobility and to avoid collisions. It also makes it difficult to gather information for 
orientation, such as information about distant landmarks and heading. 
For those who are blind, information about everything beyond the near 
environment that can be directly perceived by touch has to be obtained through 
further physical exploration, from memory, or by using auditory cues or other 
non-visual sensory information (by asking for help, etc.). People with low vision 
can, to a certain extent, depending on the type of impairment, also make use of 
their residual vision. A reduced visual acuity can lead to difficulty in recognizing 
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people, traffic signs, noticing differences in surface structure, or problems with 
other details. A restricted visual field makes it difficult to obtain a good overview 
of the situation. If the central visual field is intact, while the peripheral part is 
not, it may still be possible to read. However, moving and orientation in space 
may be problematic because one constantly has to scan the environment and 
detect approaching objects; difficulties with this may lead to collision or falls. If 
one can only perceive objects in the periphery of the visual field, but not in the 
central part, one cannot see details, but can often manage to walk or even cycle 
relatively well, because it is still possible to a certain extent to gain an overview 
of the environment. 
Although travel without sight is obviously difficult, it is not impossible: 
many visually impaired individuals manage to travel independently in both 
familiar and unfamiliar areas [9,12]. They are also able to construct cognitive 
maps, sometimes just as accurately as sighted people [16]. 
Specialized rehabilitation centres offer Orientation and Mobility (O&M) 
training in which visually impaired people are taught methods and techniques to 
use their remaining vision (if present) and their other senses to acquire or 
improve wayfinding skills and to achieve independent and confident travel. For 
example, they learn how to use mobility aids such as the long (white) cane and 
how to access and understand information about the environment for 
orientation. Often standard routes in their living environment are practiced; 
these are usually learnt by heart using sequences of parts of the route and 
orientation points or landmarks. 
1.1. 5 Assisting aids for mobility and orientation 
The long cane and the guide dog are the best-known aids to assist visually 
impaired people with mobility. Both are mainly aimed at obstacle avoidance and 
at achieving safe mobility. However, not all visually impaired people make use of 
these aids. Some have sufficient residual vision to manage travelling without the 
use of a mobility aid. 
The long cane is used to explore the walking surface for irregularities, kerbs 
and slopes, and to detect obstacles. The information thus gathered is used to 
determine a clear walking path and is also relevant for orientation. Some 
visually impaired people only use a shorter and often foldable identification cane, 
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which is not primarily meant to assist with mobility but which functions to alert 
" ers that the user is visually impaired. 
Guide dogs are trained to make sure their owners can walk smoothly 
without colliding with obstacles. The dog leads his owner around physical 
objects. These objects can be used as orientation cues by those using a long 
cane, but are thus missed by those using a guide dog. The guide dog, however, 
also indicates specific orientation points on the route, such as the kerb edge and 
side streets or objects that he has learned on the specific route. Although this is 
often misunderstood, the owner of the guide dog is responsible for remembering 
the route and also for determining when it is safe to cross the street. Guide dogs 
usually walk on the pavement, for which they have learnt to use the kerb edge 
as a cue. 
Besides the long cane and the guide dog, there are several electronic aids 
for assistance with orientation and mobility [for an overview, see 17 and 18]. 
These aids aim either at obstacle detection and exploration of the nearby 
environment, or at navigation and orientation on a larger scale. Systems in the 
first category use various technologies (e.g. ultrasound or laser) and warn the 
user about obstacles using sound or vibration signals. They are integrated in or 
used in combination with the long cane. The second category of electronic aids, 
aiming at assisting with navigation and orientation over greater distances, is 
indicated in this dissertation by the term electronic travel aids. These systems 
can provide help with knowing where one is and finding the way to a certain 
endpoint. They will be discussed in more detail in the next section. 
1.2 Opportunities: Electronic travel aids 
1.2.1 Electronic travel aids for visually impaired people 
Electronic travel aids for navigation (ETAs) supply visually impaired people with 
travel information that is hardly obtainable or unobtainable without the use of 
vision. Other than the assistive devices that help to avoid obstacles (see 1.1.5), 
the purpose of these systems is to assist with orientation and to guide 
navigation towards a destination. This increases the opportunities for those who 
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want to travel independently in both familiar and unfamiliar places. ETAs are 
complementary to the long cane or the guide dog; they are not substitutes for 
these. 
The output used to guide visually impaired users to their destination can be 
delivered in different ways. This can be by verbal or textual information, 
delivered as synthesized speech or Braille. Other output modes that have been 
studied are, for example, tones or virtual sounds that are perceived as if they 
were coming from a particular direction [e.g. 19, 20] or vibrations [e.g. 21]. The 
content of the output that can be delivered by ETAs varies from very basic to 
more sophisticated levels. It can be restricted to information for route guidance 
only, or may also contain information about landmarks in the environment. 
Depending on the device and the technology used, the users can follow 
automatically calculated routes to a predetermined destination, define personal 
points of interest, and/or create their own routes along self-defined checkpoints. 
Pre-travel route planning or exploration is also an option in some devices, as 
well as access to real-time information for the use of public transport. 
Since the 1990s a large amount of research has been devoted to the 
development of different ETAs. Most of these devices make use of the Global 
Positioning System (GPS), for example Braillenote GPS, Trekker Breeze (both 
available from www.HumanWare.com) and Kapten (www.kapsys.com). GPS can 
be used at any place where three or more satellites can be received, and it 
provides detailed positional information that can be used for navigation. The 
accuracy of GPS-based devices declines with a decreasing number of received 
satellites, which can cause problems among high buildings. GPS does not 
function inside buildings. 
Inside buildings, or in places where GPS availability is limited, ETAs require 
the use of other technologies to provide the current position of the user. This 
usually involves accommodating the environment with beacons or sensors that 
can be received by the user, for example by means of Infra-red (IR), or Radio 
Frequency Identification (RFID). Examples are Talking Signs 
(www.talkingsigns.com) and Step-Hear (www.step-hear.com). These systems 
provide information about the identity and direction of the beacon and about 
what can be found in the environment of the beacon. However, they do not offer 
step-by-step guidance along a calculated route to a pre-entered destination such 
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as GPS-based systems can, since they do not incorporate sufficiently detailed 
information about the exact position, heading and destination of the user. other 
techniques are also being studied and developed, for example dead reckoning 
with the use of inertial sensors combined with detailed digital maps of buildings 
[22] and the use of wireless networks [e.g. 23]. Although several systems are or 
have been under construction, or are still in a prototype stage [see for more 
examples 24 ], to the best of my knowledge, there are currently no ETAs 
commercially available that provide visually impaired people with guidance along 
a calculated route to a pre-entered destination inside a building in a similar way 
that GPS-based systems are able to. 
1.2.2 GIRIS: an indoor route information system in Groningen 
In the late 1990s, Kooijman used the public halls and corridors of the University 
Medical Center Groningen (UMCG, the Netherlands), to develop, install, and test 
an indoor route information system for visually impaired people. He initiated a 
series of studies comparing different manners of delivering verbal route 
information to visually impaired people. The first studies investigated the 
functionalities of two systems available at that time, based on IR communication 
[25,26]. In 2006, the company GuideID (Deventer, the Netherlands, 
www.guideid.com) and I joined the project to further develop and test a new 
system named GIRIS - the Groningen Indoor Route Information System. After 
some pilot studies for this new system, first using Bluetooth and IR beacons and 
later using a combination of RFID and IR beacons [27], Bluetooth and IR both 
turned out to be insufficiently reliable. Finally we used only active RFID beacons, 
which were installed throughout the ground floor of the hospital and on the way 
to two outpatient clinics located on higher floors. The RFID beacons were 
combined with floor maps and were programmed to deliver the route 
information needed to proceed to the next beacon via the shortest calculated 
route to a pre-entered destination. They could also deliver additional information 
about the landmarks and destinations en route. Depending on the information 
mode chosen by the user, either one or both types of information were received 
automatically when approaching the RFID beacon. The system is further 
described in Chapter 2. 
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1.2.3 Effectiveness of verbal output for the visually impaired traveller 
The field of electronic travel aids is still developing very quickly. New models and 
versions become available on the market, while other initiatives are left behind. 
Research on various aspects (e.g. technology, usability, output modes, 
interfaces) of these systems is needed to steer this further development. One 
important aim for further study is to increase knowledge about the information 
needed by the visually impaired traveller. 
Visually impaired people generally need more detailed information for travel 
than sighted people do [28]. However, instructions should not be too wordy 
[29]. When there is too much information, this can distract from concentrating 
on the environment and from identifying a safe and clear walking path. User­
centred design should aim to tune the output of the systems to the abilities, 
limitations and wishes of the traveller. Surveys on user preferences, such as the 
study carried out by Golledge, Marston, Loomis, and Klatzky [30] are therefore 
of great value. In addition, objective, real-world research is required to gain 
insight into the most effective ways of providing the output to visually impaired 
users [31]. Knowledge about how to present the spatial information to the user 
is relevant irrespective of the particular technique and device that is used. As 
stated by Bradly and Dunlop [28; p402]: the success of ETAs is "dependent on 
how well information and services are personalized to the needs of the user". 
Chapters 2 and 3 of this dissertation focus on the effectiveness of specific 
types of verbal output delivered by ETAs. Although there are also other possible 
output modes for ETAs (see 1.2.1), so far verbal information is still the most 
common way of delivering information in systems that are commercially 
available. The aim of the studies described in these chapters was to investigate 
what type of verbal information is most suitable for visually impaired people, not 
only to guide their travel, but also to construct a cognitive map of the 
environment while travelling. More specifically : the delivery of only route 
information was compared to the delivery of both route information and 
landmark information. This additional landmark information can increase 
confidence in being on the right path, and may help with orientation and 
developing better mental representations [9,32]. The studies took place in the 
UMCG in Groningen using GIRIS and building on the results of previous studies 
with GIRIS's predecessors at this location. The study described in Chapter 2 
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investigates the wayfinding performance and the preferences of the visually 
impaired participants in this study, while Chapter 3 focuses on how the 
information that was provided influenced their construction of cognitive maps. 
1.2.4 Assessing the benefit of ETAs 
The increased availability of different ETAs is accompanied by an increasing 
number of visually impaired people that apply for the devices. To fully profit 
from the opportunities that an electronic travel aid can offer, sufficient basic 
O&M skills are required from the user, as well as an ability to operate the 
devices. Learning how to use an electronic travel aid can require a considerable 
amount of training and not all visually impaired individuals might be able to fully 
master all functionalities of the ETA. This raises questions about how to 
determine whether a visually impaired person sufficiently masters the use of the 
device to benefit from it and also how to determine whether using the device 
indeed decreases or solves the earlier experienced mobility problems. Since 
ETAs are still rather expensive, these questions should be given serious 
consideration before use of the device is finally advised. For rehabilitation 
centres and health insurance companies that deal with advising visually impaired 
applicants about electronic travel devices, it is therefore useful to have some 
guidelines as to how to answer these questions. For each individual applicant it 
has to be decided whether the ETA is beneficial or not, in order to avoid the 
purchase of an ETA that in the long run might not frequently be used. 
Commissioned by the Dutch Health Care Insurance Board ("College voor 
Zorgverzekeringen", Diemen, the Netherlands), a two-phase protocol was 
designed to assess the effectiveness of electronic travel aids for visually 
impaired persons. Phase 1 of the protocol tests characteristics of the visually 
impaired applicant against identification criteria to qualify for prescription of an 
electronic travel aid. Phase 2 of the protocol assesses the benefit of the 
electronic travel aid for the particular applicant. Chapter 4 reports about this 
protocol and about the study that was carried out to evaluate the protocol with a 
group of visually impaired participants that was selected to learn to use one 
particular ETA, the Trekker, within a six-week period. The selection of the 
appropriate device from all available devices with regard to the mobility 
problems and wishes of the visually impaired applicant was not part of this 
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protocol, but was studied in a parallel protocol by Roentgen, Gelderblom, et al. 
[33]. 
1 .3 Chal lenges: Shared Space environmental design 
1.3. 1 Accessibility 
Besides sufficient O&M skills and the availability of appropriate assistive devices, 
the design of the built environment is another essential factor in determining 
whether independent wayfinding can be attained by a visually impaired 
individual. Environmental design can have either a positive or a negative impact 
on the ease of wayfinding, making travel either safer and easier, or more 
difficult and dangerous. It is therefore crucial to understand the environmental 
aspects that are relevant for meeting the needs of the visually impaired person 
[34,35]. This applies both to buildings and to outdoor environments. Both types 
of environment come with largely overlapping but also different challenges 
(think, for example, about lighting issues inside a building, and traffic issues that 
are only relevant outdoors). The focus of the second part of this dissertation is 
on the accessibility of the outdoor environment. 
As defined by Iwarsson and Stahl [36; p61], accessibility is "the encounter 
between the person 's or group 's functional capacity and the design and demands 
of the physical environment". According to their definition accessibility is mainly 
objective in nature. It can be assessed when taking these two components and 
their relationship carefully into account, thereby referring to compliance with 
available norms and standards. As is also described in 1.1.4, the functional 
capacities of visually impaired people have a great influence on the way they can 
gather and use the information needed to achieve independent wayfinding. The 
following section aims to provide some basic insights into how visually impaired 
persons generally make use of and depend on physical aspects of the 
environment when trying to orient and find their way around. 
20 
GENERAL INTRODUCTION 
1.3.2 Environmental aspects relevant for visually impaired travellers 
To acquire information about their position, heading and goal, people make use 
of salient orientation points or landmarks in the environment. For sighted 
people, vision is the most obvious cue to rely on for this purpose. Without the 
use of vision, one is dependent on the other senses for gathering such 
information. For visually impaired people, elements in the environment that are 
usable for this purpose are objects or changes in the walking surface that can be 
detected by foot or with a long cane. For example these can be kerbs, slopes, 
changes in paving texture, a pole, a tree or street furniture. The smell of a shop 
or a restaurant can also be used as a landmark. Sounds can also be helpful for 
orientation. By listening to the traffic noise, one can perceive information about 
the nearby or more distant presence of a crossing, a side street or a highway. 
Moreover, the echo from the sound of the long cane or from a sound produced 
by the visually impaired person, for example a mouth click, provides information 
about the environment (e.g. "is there a building nearby, or am I in an open 
space?"). This technique is called echolocation [37,38] and requires a lot of 
training. It can be addressed in the O&M instruction. Finally, also the guide dog 
can assist in pointing out orientation points (see 1.1.5). 
Most visually impaired people also need guidance for maintaining the 
correct heading and prevent from straying off-route. This guidance can be 
provided by natural guiding cues like building lines, kerbs, fences, detectable 
differences in the pavement, the edge of a grass lawn, etc. These elements are 
often not designed for this purpose, but are available in the environment and 
detectable in a tactile manner. Preferably they form a continuous, uninterrupted 
line. For people with some remaining vision, clear contrasts in brightness of the 
paving materials can also be used as landmarks or guidance cues. The noise of 
traffic can also be used to define one's position and to maintain heading. In 
addition to or in the absence of these naturally available guidance cues, special 
guidance paths or tactile paving can be built into the pavement. These are the 
corduroy surface paths that can be followed with the foot or the long cane. 
Changes in direction or dangerous points such as crossings can be marked with 
special attention tiles, which is often done with rubber tiles or blister paving. 
Visually impaired people further benefit from walking routes and crossing 
points that are clearly recognizable and, preferably, detectable in a tactile 
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manner. Unexpected height differences, narrow passages, obstacles and 
cluttered or confusing situations can be problematic. Consistency within and 
across environments is also important since people depend to a great extent on 
their knowledge of environmental regularities [39]. Since accessibility problems 
occur "when the demands of the environment exceed the abilities of the 
[visually impaired] individual" [40;p78], it is of great importance that designers 
pay attention to these issues and provide usable guidance cues, detectable 
landmarks, clear luminance contrasts and tactile paving where needed. 
1.3.3 Shared Space :  a challenge for wayfinding 
Chapters 5 and 6 deal with Shared Space, a specific development in 
environmental design, that constitutes a possible threat to independent 
wayfinding for visual ly impaired individuals. Shared Space is a concept related to 
both the planning processes and the design and use of public space. 
Initiated by Monderman in the province of Friesland, the Netherlands, since the 
1990s the concept has become increasingly popular and has been implemented 
throughout Europe and beyond [ 41]. Shared Space aims to create an 
environment in which the traffic function is no longer dominant, but where 
motorized traffic should feel and behave as guests. The design general ly 
involves the minimization of conventional infrastructure (e.g. kerbs, crossroads, 
traffic lights) and the absence of separation between different traffic flows, 
thereby intentionally reducing structure and predictability. The particular layout 
and design are intended to stimulate users to behave cautiously and socially, for 
example by driving slowly and making eye contact. 
There are serious concerns about the accessibility and safety of Shared 
Space for people who are visual ly impaired. These concerns are related to the 
intended manner of interaction that is mainly based on visual interaction, to the 
minimized physical structure and to the low predictability in Shared Space 
environments. The fear is that Shared Space environments may lead to serious 
problems with wayfinding and/or feelings of unsafety, and that visually impaired 
individuals may feel forced to avoid these areas. Although in several countries 
organisations representing the visually impaired have drawn attention to these 
issues [e.g. 42,43,44], so far only few objective and structured studies have 
been carried out on this topic and none of these took place in the Netherlands. 
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In 2009, Royal Dutch Visio, centre of expertise for the blind and partially 
sighted, started a research project about Shared Space. The aim of this project 
was to assess, as objectively as possible, the actual problems that visually 
impaired people may encounter in a Shared Space environment. The structure of 
the project involved the cooperation with a group of national and international 
project partners with expertise in diverse fields, ranging from guide dog 
instruction to traffic safety (Appendix). The Shared Space Institute ( currently 
incorporated into the Knowledge Centre Shared Space, NHL University of Applied 
Sciences, Leeuwarden, the Netherlands; www.nhl.nl/sharedspace) was also 
involved. A robust assessment of the benefits and threats of Shared Space for 
visually impaired people and the collaboration of the involved partner 
organisations are needed to ensure that the specific demands of this target 
population can be taken into account in the further development and future 
implementations of the concept. 
The aim of the two studies that are described in this dissertation was to 
approach the issue of accessibility of Shared Space for visually impaired people 
in the Netherlands in a structured and unprejudiced way. Chapter 5 gives a 
systematic overview of the physical characteristics of ten Shared Spaces in the 
Netherlands. The level of hindrance that these characteristics could cause 
visually impaired users of these spaces was judged by a group of experts in the 
field of orientation and mobility. In addition, compliance of the selected locations 
with existing guidelines for accessibility was assessed. 
As described in section 1.3.1, accessibility has a personal component and 
an environmental component, and it is the interplay between those two that 
needs to be analyzed in order to describe accessibility problems (Stahl et al. ,  
2010). Therefore, whereas Chapter 5 mainly looks at the environmental 
component and its relevance to visually impaired users from a theoretical point 
of view, Chapter 6 focuses on the interaction between the person and 
environment in a real-life situation. A comparative field study was carried out to 
identify possible problems that persons with a visual impairment encounter in 
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CHAPTER 2 
Abstract 
Effectiveness of different types of verbal information, provided by electronic 
travel aids, was studied in a real-life setting. Assessments included wayfinding 
perform ance and preferences of 24 visually impaired users. Participants 
preferred a combination of route information and environmental information, 
even though this did not always result in optimal wayfinding performance. 
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2.1 Introduction 
Independent wayfinding is a significant and impeding problem for most people 
who are visua l ly impaired (that is, those who are b l ind or have low vision)  [ 1 ] .  
During the past two decades, there has been an  increase in  the amount of 
research on and the development of electronic travel aids to assist people who 
are visua l ly impaired with navigation .  These aids provide either tacti le or 
aud itory feedback about the individua l 's surroundings and information about the 
route to be fol lowed (for an overview of existing systems, see [2] ) .  To develop 
electronic travel a ids into user-friendly assistive devices, it is essentia l  to 
d iscover which i nformation people who are visual ly impa i red require to find their 
way successfu l ly .  The focus of the study presented here was on the 
effectiveness of d ifferent types of verbal information that is del ivered by 
electronic travel a ids for navigation .  
An  e lectronic navigation system can provide i nformation about a route and 
about the ind ividua l 's surroundings (hereafter "envi ronmenta l  information"  i n  
this paper) . Route i nformation contains d i rectiona l i nformation that the user 
needs to find h is  destination . Environmental information i ncludes references to 
landmarks in the environment. Landmarks are sa l ient environmenta l features 
that can act as anchor points for organizing spatia l  information in  a wayfind ing 
context for a l l  persons, visua l ly impa i red and sighted [3 ,4] . Environmenta l 
i nformation can "help the traveler keep oriented and develop better menta l 
representations of the environment over mu ltiple trips through it" [5,  p .88] . 
It has been shown that travel safety and independence whi le travel l ing can 
be improved when the names of landmarks and information about the current 
location (which is  mainly environmenta l  information) are provided to persons 
who are visual ly impa i red [6,7] . Gaunet and Briffau lt [8,9] defined severa l 
gu idance functions to assist individuals who are visua l ly impa i red verbal ly  as  
they navigated through urban areas. The verbal g uidance functions could be  
classified as  either route information or environmental information . When these 
guidance concepts were tested by b l ind participants in a rea l - l ife setting [ 10] ,  
part of the environmental information, concerning the current location and  
orientation of  the participants, was provided at  the beginning of  the routes and 
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then delivered en route on the participants' demand. The results showed that 
the participants did not often request this information. Other environmental 
information, i.e. the announcements and descriptions of crossings, which were 
provided en route, turned out to be too wordy and might have overloaded the 
wayfinding process. The authors suggested that the users be trained and 
stimulated to use the environmental information. 
Steyvers and colleagues [11] compared the wayfinding efficiency of persons 
with visual impairments who were given route information to a pre-entered 
destination in a navigation device either with or without additional 
environmental information. The additional environmental information was found 
to not provide the expected advantages to wayfinding efficiency. Steyvers et al. 
explained this finding by suggesting that the additional information may have 
led to an information overload. The authors predicted that extended use of the 
two functions (route and environmental information) would reveal an advantage. 
Studies of real-life evaluations have not yet sufficiently demonstrated the 
effect of the combination of route information and environmental information on 
wayfinding efficiency and on users' satisfaction after repeated use. The study 
presented here evaluated the effect of the repeated use of a guidance system 
that provides instructions about the shortest route to an indoor destination 
(route information) as well as information about nearby landmarks 
(environmental information). The goals of the study were: (1) to evaluate the 
effect of route information, provided by a guidance system versus no guidance 
system on the wayfinding performance of persons with visual impairments; (2) 
to evaluate the effect of additional environmental information on the 
participants' wayfinding performance; (3) to assess the participants' preferences 
with regard to the different types of information; ( 4) to investigate the effect of 
repeated use of the guidance system on the participants'wayfinding performance 
and preferences; and (5) to investigate differences in performance and 
preference between participants who were blind and those with low vision. 
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2.2 Methods 
2.2.1 Participants 
The participants were 24 persons with visual impairments (15 men and 9 
women), who ranged in age from 18 to 65 (mean age: 49 years). Of the 24, 12 
were functionally blind, including 8 who had some light perception. The other 12 
had low vision (various disorders; visual acuity < 0.5 Snellen notation; LogMAR 
equivalent 0.3). Sixteen participants used a long cane, 3 used a guide dog and 
a long cane, 2 used only a guide dog, and 3 did not use a mobility aid. Eight 
participants had early-onset visual impairment (before age 5). Twenty-two 
participants had received mobility training in the past. All the participants 
reported that they usually needed assistance to find their way inside a public 
building. 
2.2.2 Apparatus 
The Groningen Indoor Route Information System (GIRIS) was recently 
developed to guide users who are visually impaired to a destination inside a 
building and was tested at the University Medical Center Groningen (UMCG). 
GIRIS consists of active Radio Frequeny IDentification (RFID) beacons and a 
GIRIS receiver. The GIRIS receiver is a Dell Pocket PC that contains an RFID 
receiver, navigation software (RouteAssist, powered by GuideID, Deventer, the 
Netherlands) and an earphone that covers only one ear. The RFID beacons were 
installed at all "decision" points and at all possible destinations in the public halls 
of the UMCG hospital (see Figure 1). GIRIS guides the user along the shortest 
route to the destination that has been entered on the GIRIS receiver. Spoken 
messages are automatically delivered as soon as the user comes within 5-10 
meters (about 16 - 32 feet) of one of the RFID beacons. When the GIRIS 
receiver identifies an unexpected (off-route) beacon, the route is automatically 
recalculated and a new starting message is delivered. GIRIS can deliver two 
different types of information: route information (directional information about 
the route to be followed to the next beacon) and environmental information 
(mentioning addresses of clinics and the names of landmarks that are passed 
along the route). Both types of information can be delivered separately or in 
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combination. Examples of the types of GIRIS information in various situations 
are presented in Table 1. 
2.2.3 Test routes and conditions 
The test site was the ground floor of the UMCG (see Figures 1 and 2) , consisting 
of a main entrance hall; two broad (10-15 meters, or about 33-49 feet), 
covered, main corridors containing entrances to several outpatient clinics; a 
shopping corridor; and an atrium patio. The test site 
also comprised two outpatient clinics located on higher floors. Four trajectories 
were chosen that could be traversed in either direction,resulting in eight 
different test routes. 
The test routes were similar in length (mean length 146 meters or about 
160 yards, SD: 33 meters or about 36 yards) ,  in the number of beacons passed 
on the way (seven or eight), and the number of turns to be made (two or 
three). Four test routes included the use of an elevator. The number of 
additional addresses and landmarks varied from four to eight per route. 






condition "R + E": 
condition "D": 
condition "D + E": 
GIRIS route information only 
GIRIS route information and 
GIRIS environmental information 
Desk information only 
Desk information and 
GIRIS environmental information 
In both conditions containing the so-called desk information, a detailed 
description of the route was read twice to the participant before he or she 
started walking. The participant was also asked to repeat as much as he or she 
remembered, and any errors were corrected. Whereas in condition D, the GIRIS 
system was not used at all, in condition D + E, the GIRIS system was used to 
provide environmental information en route at the moment that the participant 
was passing the particular landmark and location. This additional environmental 
information delivered en route was equivalent to the environmental information 
that was added to the route information in condition R + E. 
In condition D + E, the names of the landmarks and locations that the 
participant would hear on the way from GIRIS as environmental information, 
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• beacon □ landmark 
route 
route with elevator 
0 start of route (no) 
Figure 1. Test site in the University Medical Centre Groningen. 
- -· 
1■ ·­.. ·­•• ■- I 
I■ ■-
I■ !!!! �� --- ·1 . 
Figure 2. Corridor at the test site. A beacon at the entrance of an outpatient 
clinic is circled. 
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were also included in the route description that was provided preroute (for 
example, "follow the wall, you pass Poortweg [gatewaystreet] 2; at Poortweg 4, 
where the wal l ends, turn right"), whereas in condition D these landmarks were 
not mentioned (for instance, "follow the wal l ,  when the wall ends, turn right). 
The mean length of the route descriptions was 103.5 words for condition D and 
107 for condition D + E. 
Under each condition, two test routes were walked covering the same 
trajectory but in opposite directions. At each session, a participant walked the 
same routes under the same conditions. Route-condition combinations were 
distributed evenly among the participants. The order of the routes was varied 
per session. 
Table 1. Examples of parts of GIRIS route and environmental information in 
various situations. 
Situation 
At the start of a route 
At the entrance to an 
outpatient clinic or 
elevator, or at a 
turning point 
When route continues 
in same direction 
When route turns 
At the start of a route 
or after a turn 
Before a crossing 
When an obstacle is 
ahead 
When passing a 
landmark on the way 




You are at [reception desk]. 
Stand with your back to the 
[reception desk] 
You are at [Poortweg 5] 
Go straight ahead 
Turn right/left 
Follow the wall on your right­
/left-hand side 
Cross the [street] [corridor] 
Watch out for [obstacle] in 10 
meters 
[Toilet]/[shop]/[restaurant] is 
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2.2.4 Procedure 
Each participant visited the UMCG once a week, for three consecutive weeks. 
The participants were welcomed by two test leaders, who were nine third-year 
psychology students who were involved in the project as part of their bachelor 
thesis research. Before the start of the project, the test leaders had received 
instruction and training with regard to the orientation and mobility of persons 
with visual impairments at the Royal Dutch Visio, Centre of expertise for blind 
and partially sighted people, and for doing the observations. 
During the first session, the participant's preferred walking speed (PWS) 
was measured along a 20-meter ( or about a 66-foot) trajectory that was free of 
obstacles. Next, the participant received some instructions about GIRIS and 
walked three practice routes outside the test area: one route under condition R, 
one under condition R + E, and one under condition D + E. During the practice 
routes, the participant could become accustomed to the type of message and 
could ask questions, and the test leaders could give feedback. During testing, 
and when his or her PWS was measured, the participant used his other regular 
mobility aids, such as a long cane or a dog guide or both. 
After instruction and practice, which lasted about 30 minutes, the 
navigation experiment started. The test leader entered the destination and other 
settings into the GIRIS receiver. There was a distinctive, glued-on button on the 
touch screen of the GIRIS receiver that the participants could push to repeat the 
last spoken message. In all three sessions, a test leader and an observer 
accompanied the participants while they walked the eight test routes. The test 
leader always walked closely behind the participant, while the observer filled in 
an observation form for each route. In case of a technical problem en route, the 
walking time was paused to reset the system or the messages were read aloud 
by the test leader at the appropriate locations. 
The test leader intervened only if the participant deviated far enough from 
the route to be out of reach of any beacon that could send him or her back in 
the correct direction (conditions R and R + E), or when the participant deviated 
in such a way from the described route that the test leader judged it unlikely 
that he or she would spontaneously find his or her way back to the route 
(conditions D and D + E). In these cases, the participant was led back to the last 
beacon that was passed, or, in the case of condition D, to the point where he or 
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she deviated from the original route, and was asked to continue the route. To 
assess inter-observer reliability, eight test leaders judged for twelve situations 
from the test site whether a participant was walking in the correct direction, 
deviated from the route but did not need an intervention, or deviated from the 
route in such a way that an intervention was needed. Fleiss kappa, applicable to 
multiple raters and categorical ratings, was 0.64, indicating a substantial 
agreement [12]. 
After the participants completed four routes, there was a short break. After 
they completed all eight routes, they were asked to rank the conditions 
according to preferences. After the third session, the participants were given an 
additional evaluation questionnaire on which to assess the content and the 
functionality of the messages that were provided by the system for each 
condition. They gave their answers on a 5-point Likert scale and supplemented 
them by some clarification. The results of tests related to cognitive mapping 
skills, administered during the first and third sessions, will be described in a 
later paper. 
2.2.5 Measurement and analysis of wayfinding performance 
Wayfinding performance was characterized by the percentage of preferred 
walking speed (PPWS) and by the percentage of routes without interventions 
from the test leader. Walking time was measured from the start of the route 
until the destination was reached. For the conditions with GIRIS route 
information, the route started when the first message was given, and the time 
needed to listen to the messages en route (including repetitions of messages 
when required by the participant) was included in the walking time. In contrast, 
for the conditions with desk information, the time started immediately after the 
desk information was provided. To compensate for this difference, the time that 
was necessary to listen to one reading of the desk information (mean: 41.3 
seconds; SD: 7.1 seconds) was added to the walking time in conditions D and D 
+ E. 
Since some participants deviated from the pre-planned route and thus 
walked a longer distance and some stopped walking while listening to the GIRIS 
messages, the velocity resulting from the walking time divided by the length of 
the preplanned route was calculated as an indication of the efficiency of 
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navigation. To correct for individual differences in preferred walking speed 
(PWS) (mean PWS: 1.3 meters per second; SD: 0.22 meters per second), we 
calculated the percentage of preferred walking speed (PPWS) and used it as a 
measure of "walking efficiency". 
The PPWS and the percentage of routes without interventions were analyzed 
using a GLM repeated-measures procedure. The four conditions were covered by two 
factors: the factor System (with or without GIRIS) and the factor Environment (with 
or without environmental information). This led to a 3 x 2 x 2 x 2 design with Session 
(3), System (2), and Environment (2) as the within-subject factors, and Visual 
impairment (2) as the between-subjects factor. 
Since one participant failed to attend the third session and another was missing 
measurements from one condition in the first session, their data were not included in 
the repeated-measurements analyses. These participants were both dog guide users. 
Of the 22 remaining participants, 10 were blind and 12 had low vision. 
2.3 Results 
2.3.1 PPWS 
The participants' PPWS increased with each session, but remained lower for the blind 
group than for the low vision group for all conditions and throughout all sessions (see 
Figure 3) (Session: F(2,40) = 29.09; p < .001); Visual Impairment: F( l,20) = 14.27; 
p = .001). PPWS increased significantly between Sessions 1 and 2, and between 
Sessions 1 and 3 (Bonferroni-corrected pairwise comparisons: p < .001). 
The blind group consistently showed the highest PPWS for the conditions with 
desk information, while the low vision group showed the highest PPWS for conditions 
with GIRIS route information (interaction between System and Visual Impairment 
F( l,20) = 11. 75; p < .01). The factor Environment had no significant effect. 
2.3.2 Percentage of routes without intervention 
The blind group walked fewer routes without interventions than the low vision group 
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.001. Both groups walked more routes without interventions under conditions with 
desk information than under conditions with GIRIS route information: F(l ,20) = 
4.41, p < .OS. The percentage of routes without interventions increased with each 
session: F(2,40) = 20.18, p < .001. Bonferroni-corrected pairwise comparisons 
showed a significant increase between Sessions 1 and 2 and between Sessions 1 and 
3 (p < .OS). 
In conditions with GIRIS route information, the additional environmental 
information did not affect the participants' performance. In contrast, in conditions 
with desk information, participants seemed to need fewer interventions when they 
also received environmental information en route. This interaction between System 
and Environment was marginally significant: F(l,20) = 4.20; p = .054. 
During the first session, 18 out of 24 participants were able to finish at least 1 of 
the 4 routes using GIRIS without interventions. This number increased to 22 out of 23 
participants by the third session. If a participant was not able to walk a route without 
an intervention, he or she would need assistance once or twice during most of the 
routes. Participants in the blind group needed assistance at most five times per route, 
while those in the low vision group needed it at most three times. During Session 3, 
the blind group completed about 60% of the routes without an intervention, while the 
low vision group barely needed any assistance at all. 
2.3.3 Preferences 
In all the sessions, conditions with GIRIS route information were more frequently 
preferred than those with desk information (see Figure 5): 87%, 88%, and 78% of all 
participants preferred either condition R or condition R + E in Sessions 1, 2, and 3, 
respectively. Condition R + E was the most preferred condition (61 %, 75%, and 61 % 
for Sessions 1, 2, and 3, respectively). Only one participant, a blind guide dog user, 
opted for condition D. Four participants who changed their preference from GIRIS 
route information in Session 1, to desk-information in Session 3, and two participants 
who changed their preference in the other direction. When asked about their least­
appreciated condition, most participants chose condition D (63%, 83%, and 86% in 
Sessions 1, 2, and 3, respectively). They mentioned that it took too much energy to 
memorize the instructions: they received too much information at once and did not 
have any information about where they were on the way. 
41  
CHAPTER 2 















1 0  
0 0 � R R+E D+E D 
session 1 
R R+E D+E D 
session 2 
GI low vision ■ blind R R+E D+E D session 3 
Figure 5. Preferences for information type, separated for the participants with low 
vision (n = 12) and the participants who are blind (n = 11 in sessions 1 and 3, n = 12 
in session 2). 
A correlation analysis did not show any significant relationship between the 
preferences of the participants and the conditions under which their wayfinding 
performance was the best, as expressed by their PPWS (all p values > . 05) .  
Differences between the preferences of the blind and the low vision groups were 
small. 
2.3.4 Evaluation of the messages 
There were no distinct differences between the ratings of the blind and the low vision 
participants with regard to the contents and the functionality of the messages. Most 
of the participants were satisfied with the length of the messages, although some 
would have preferred shorter messages. The messages were rated as quite easy to 
understand. 
The environmental information in addition to route information (condition R + E) 
was appreciated by most (n= 15) participants, since it confirmed that they were 
walking correctly and provided a timely overview of the situation. Some (n= 10) also 
mentioned that they did not always need the information to orient themselves or to 
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reach their destination. One participant described the environmental information as 
distracting. Most (n=18) participants, however, reported that they found the 
environmental information a very useful addition to the desk information (in condition 
D + E) in recognizing points and as a confirmation that they were walking correctly. 
The participants gave a number of suggestions to improve the messages. For 
example, more information should be supplied about the distances from one point to 
another, a warning should be provided soon after the individual starts going the 
wrong way, and more frequent but shorter messages should be delivered in order to 
assure the participant that he or she is walking in the correct direction. The need for 
tactile guides or lines in the open hallways was also mentioned. Finally, the guide dog 
users indicated that the messages were not always suitable for use in combination 
with a guide dog. 
2.4 Discussion 
The aim of this study was to compare the efficiency of different types of verbal 
information in assisting people who are visually impaired with wayfinding. Verbal 
route information was delivered either at the start of a route by the test leader, 
or en route by GIRIS. It could be complemented with environmental information 
en route, or not, leading to four conditions. In the following, the results are 
discussed in the order of the research goals mentioned in the introduction. 
2.4.1 Route information as delivered by GIRIS versus no guidance system 
The participants with low vision were more comfortable and showed the highest 
walking efficiency (as expressed by PPWS) when walking routes with GIRIS 
route information (conditions R and R + E), whereas the walking efficiency of 
the participants who were blind was the highest under conditions when 
information about the route was provided as desk information ( conditions D and 
D + E). A plausible explanation for this finding is that people who are blind are 
more familiar with receiving information presented as in the desk condition. 
They are more used to relying on their memories for longer route instructions 
than are people with low vision, who can rely to a certain extent on their 
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remaining vision [13]. People who are blind have fewer cues for relating the 
GIRIS step-by-step information to their actual positions and surroundings than 
do those with low vision, while the full description of a route at the start 
provides them with a schematic frame, which can help integrate the instructions 
in their minds [3]. 
Both groups walked more routes without intervention (they needed less 
assistance) under conditions with desk information than under conditions with 
GIRIS route information. We expect that this effect will disappear when longer 
or more complex routes are used (that is, when the desk information will 
become longer and more difficult to memorize). The routes used in this study 
were rather short. 
2.4.2 Additional environmental information 
The results did not support the hypothesis that the inclusion of environmental 
information would lead to better wayfinding performance: there were no 
significant effects of the factor Environment. The consistently higher 
percentages of routes without intervention under condition D + E than under the 
other conditions suggest a statistically insignificant advantage of the en route 
delivery of environmental information. Under condition D + E, the environmental 
information presented en route was also earlier mentioned in the desk 
information at the start of the route, in which it was explicitly linked to the turns 
in the route. Therefore, in combination with the desk information, the 
environmental information might have been more essential for wayfinding than 
under condition R + E, in which the environmental information was delivered 
additionally and without a direct relation to information about turns. This finding 
is in accordance with earlier studies that indicated that the effectiveness of 
landmarks in route instructions depends on the explicit relationship between the 
landmarks and the actions to be performed in their vicinity [3,4]. 
2.4.3 Users' preferences 
Condition R + E was the most preferred condition in both the blind and the low 
vision groups. Most of the participants preferred the GIRIS route information 
over the desk information at the start of the route, even when their wayfinding 
performance was not better under these conditions; there was no relationship 
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between the participants' preferences and their walking efficiency. Apart from 
the fact that the participants were more independent with GIRIS, many reported 
that they found it difficult and fatiguing to memorize the desk information. 
Furthermore, throughout al l sessions, most of the participants preferred the 
conditions with environmental information. The participants reported that they 
appreciated knowing what was around them and liked receiving the information 
as a confirmation of that they were walking in the correct direction. For 
example, the order of the addresses (such as Poortweg 2, Poortweg 4) 
confirmed the participant's correct position or direction. 
Condition D (desk information only) was preferred only in Sessions 2 and 3 
by one user, who was blind and walked with a guide dog. Since the dog 
remembered the way after the first session, the GIRIS information became 
rather redundant in later sessions. 
2.4 .4 Extended use of the system 
We hypothesized that an advantage of environmental information was more 
likely to be found after repeated use than on its first use because of a possible 
information overload on its first use. Apart from a general increase in 
performance over time for all users and all conditions, we did not find an 
interaction between repeated use and the use of environmental information. The 
percentage of participants preferring a condition with additional environmental 
information (R + E or D + E) remained similar from Session 1 to Session 3 (74 
and 78 % in Sessions 1 and 3 respectively). 
This lack of effect can be explained by the fact that the extended use was 
limited to only three trials within three weeks; perhaps a longer period of use 
would have produced different results. Another explanation may be that the 
environmental information was not important enough to induce a pronounced 
advantage. Per route, the addresses of three to six clinics were mentioned along 
with one or two other landmarks. The inclusion of more landmarks, explicitly  
related to the actions to be performed en route, may lead to different results. 
While GIRIS route information, either with or without environmental 
information, was preferred by most participants throughout all the sessions, 
there was a small increase in the percentage of participants who preferred one 
of the conditions with desk information (13% in session 1 to 21 % in session 3). 
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This relative change in preference after repeated use may indicate that some 
participants had become familiar with the routes and that refreshing their 
memory with the desk information at the start of a route was enough for them 
to find their way. 
2.4. 5 Blindness versus low vision 
The low vision group performed better than the blind group in all the conditions 
and throughout all the sessions for both the PPWS and the percentage of routes 
without intervention. As we noted earlier, for the blind group, walking efficiency 
( PPWS) was better with desk information whereas for the low vision group, this 
was better with GIRIS route information. With respect to their preferences for 
the different types of information and the levels of detail in the information, 
however, there were no clear differences between both groups. We therefore 
recommend that an electronic travel aid should offer all available output options, 
including a complete description of the route in advance (as in the desk 
information), instead of defining a specific user profile for each user group. The 
user should be able to decide how much detail and which type of information he 
or she would like to receive. 
2.5 Conclusion and recommendations 
Even though a combination of route information and environmental information 
did not always result in optimal wayfinding performance, most participants 
preferred it. The results of the wayfinding performance and the evaluation of the 
messages led to the following recommendations for GIRIS route and 
environmental information: 
1) Include more detailed information, making it easier for users who are blind 
to link the information to their immediate surroundings. 
2) Incorporate the distance to the next information point or beacon, preferably 
in number of steps [14] and incorporate the type of crossing. 
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3) Provide more beacons along the route in order to assure the individual more 
frequently that he or she is travelling in the correct direction. 
4) Include more landmarks in the environmental information that are explicitly 
related to the actions to be performed. 
5) Pay special attention to the route instructions for guide dog users; prepare 
them preferably in consultation with guide dog instructors and orientation and 
mobility specialists. 
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This study investigates how different types of verbal information, provided by an 
electronic travel aid, influence the quality of cognitive maps developed by blind 
participants and participants with low vision after performing a navigation task. 
In three separate sessions, participants walked routes in a complex real-life 
indoor environment. Route information was provided either piecemeal during the 
route by means of an electronic travel aid or all at once, just before the start of 
the route. On half of the routes, additional information about the environment 
(landmarks) was given along with the route information. Cognitive mapping 
tasks were administered at the end of the first and third sessions. The results 
indicated that receiving a complete description of a route before the start was 
more facilitative for the construction of an accurate cognitive map than receiving 
information piecemeal during the route from an electronic travel aid. No 
advantages or disadvantages were found for the acquisition of a cognitive map 
when additional information about landmarks on the route was supplied. 
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3. 1 Introduction 
Electronic travel aids can be of great value to visually impaired persons, that is, 
individuals who are blind or have low vision, increasing their ability to find their 
way independently [1-4]. A considerable amount of research has been devoted 
to the development and use of such systems, mainly focusing on the use of 
different techniques and output modes. An interesting research question that 
has not yet received much attention is how the use of information provided by 
an electronic travel aid influences cognitive map development and spatial 
understanding by visually impaired individuals [5]. 
When traveling through an environment, people acquire spatial knowledge 
from which they can construct a mental representation of the navigated route 
and the environment. This abstract representation is commonly referred to as a 
cognitive map [6,7]. Cognitive map knowledge includes configurational 
knowledge about landmarks, routes, and reference nodes, and can be used for 
wayfinding purposes, facilitating place recognition and traveling to destinations 
within an environment (e.g., by making short cuts or detours). 
Several studies have shown that people who are visually impaired or blind 
are also capable of developing a cognitive map - at a comparable level of 
abstraction and detail and in some cases as accurate as that of sighted people, 
e.g., [8-11; 12,13(both cited in 14)]. In these studies, the subjects were 
introduced to a route in a real-life setting or in a human-sized maze and 
retraced the route one or more times by themselves. Their cognitive map 
knowledge of the routes was assessed with the use of different tasks (for an 
overview of techniques that can be used to collect information about the 
cognitive map knowledge, see [15]). Learning the route took place by locomotor 
experience with guidance from the experimenter. Depending on the study, the 
experimenter provided some verbal information about the route by pointing out 
characteristics, landmarks, and directions. However, the amount and type of 
information provided during verbal route guidance was not a variable of interest 
in those studies. 
For the development of user-friendly and effective navigation systems, it is 
relevant to know what kind of spatial information is helpful for visually impaired 
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individuals to construct an accurate cognitive map of a route, and how this 
information should be presented to them [15,16]. This kind of knowledge can 
also be applied in orientation and mobility training, eventually enhancing the 
mobility and independence of people who are visually impaired and thereby their 
"quality of life" [16, p 290]. 
Although different output modes exist and are being studied, most of the 
currently available electronic travels systems provide the user with verbal 
output. There are only a few studies that have explored how the verbal 
information delivered by electronic travel aids may influence cognitive map 
acquisition by visually impaired individuals. One of the studies involved blind 
participants using a navigation system that provided local information about 
directions and locations of landmarks [17]. It reported positive effects on the 
acquisition of a mental map compared to learning a route without such a 
system. Two other studies involved blindfolded sighted subjects : one 
investigated the level of detail of the verbal information [18], while the other 
compared the delivery of landmark information only with that of both route and 
landmark information [19]. Neither study found significant differences between 
the conditions in the performance of tasks measuring spatial understanding. 
The current study investigated how different types of verbal spatial information 
provided by an electronic travel aid affect the cognitive mapping performance of 
visually impaired individuals. Blind and partially sighted participants navigated 
routes in an indoor environment, receiving directional route information either 
from the experimenter as a summary before starting the route or from an 
electronic route information system (Groningen Indoor Route Information 
System; GIRIS) while walking the route (see also [20]). Additional 
environmental information about landmarks and destinations along the route 
could be included in both types of information delivery. This information was 
added because landmark identification plays an important role in wayfinding and 
can help to establish or confirm orientation and recognize places where one has 
to change direction [21]. The quality of the acquired cognitive map was 
assessed using four different tasks. Wayfinding performance was also assessed, 
the results of which can be found in [20]. 
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This study aimed to provide more information on how the accuracy of cognitive 
maps by people who are visually impaired is affected by: 
1. the manner of delivering route information (piecemeal delivery by GIRIS 
or delivery all at once at the start of the route), 
2. the additional delivery of environmental information (landmarks and 
possible destinations), 
3. having more experience with the system and the routes, 
4. the type of visual impairment (blind versus low vision). 
Ad 1. Piecemeal delivery of route information by GIRIS was not expected to lead 
to better cognitive mapping performance than the delivery of al l route 
information at the start of the route, since the latter option requires retaining all 
of the information during the route. 
Ad 2. Literature suggests that the provision of information about landmarks 
along the route might have a positive influence on the accuracy of the acquired 
cognitive maps, because the landmarks can serve as anchor points with which 
the individual can organize spatial information [7]. 
Ad 3. Since the landmark information may lead to an overload of information 
when given the first time [22], this advantage may only become apparent after 
sufficient experience with the system. 
Ad 4. Participants with low vision were expected to show better performance on 
the cognitive mapping tasks than blind participants. 
3.2 Methods 
For a detailed description of the methods, the authors refer to the paper by 
Havik et al. [20], which discusses the same study, but focuses on data for 
wayfinding performance. Here, the section is l imited to information about the 
participants and conditions, fol lowed by a description of the cognitive mapping 




Twenty-four visually impaired individuals (15 males, 9 females) participated in 
the study. Mean age was 49 years (SD = 13. 7; range 18-65 years). Twelve 
participants were functionally blind, including eight who had some light 
perception. The other twelve had low vision (various disorders; visual acuity 
<0.5, Snellen notation): Sixteen participants used a long cane, three used a 
guide dog and a long cane, two used only a guide dog, and three did not use a 
mobility aid. 
3.2.2 Conditions 
Route instructions were provided either piecemeal by GIRIS while on route 
(referred to as Route information [R]) or by the experimenter as a complete 
description at the start of the route (referred to as [reception-] Desk information 
[D]). Additional information about the environment (landmarks and possible 
destinations on the route) could be added (referred to as Environmental 
information [E]) to both types of route instructions. This information was 
delivered by GIRIS when the participant passed by a particular landmark or 
location. When combined with Desk-information (condition D + E), the 
environmental information was delivered en route by GIRIS and was also 
included in the description at the start of the route. Combinations of the two 
types of route information delivery and the additional environmental information 
resulted in four conditions R, R + E, D, and D + E. Under each condition the 
subjects walked two routes covering the same trajectory but in opposite 
directions. 
3.2.3 Cognitive mapping tasks 
Pointing. At the end of a route, participants were asked to point in the direction 
of the starting point of the route. This was not possible for two of the eight 
routes that ended after leaving the elevator; however, there was always at least 
one pointing measurement per condition. In addition, for 50% of the routes, 
participants were asked to point in the direction of a specific turn halfway along 
the route. This was not possible for the four routes with an elevator since there 
was not an appropriate turn to point at on these particular routes. The direction 
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in which the participant was pointing was assessed by holding a compass below 
the participant's pointing arm. 
Distance estimation. After the pointing task, the participants were asked to 
estimate the length of a portion of the route: "If the total route length is 1 00, 
how long would you estimate the distance from the start of the route to [the 
first turn]/[the elevator]?" The requested portions varied from 5 to 30 on the 
given scale of 100 for the total length of the route. 
Modelling. After finishing the two routes per condition ( covering the same 
trajectory but in opposite directions) participants were requested to perform a 
modelling task of this trajectory. The task material consisted of a magnetic white 
board and a series of red magnetic strips of different lengths, which were stored 
on the lower part of the white board, arranged by length. The test leader 
indicated the starting point ("where we are now") and end-point with two red 
round magnets, also mentioning their respective names or addresses. The 
participant was asked to reproduce the route from the starting point to the end­
point as accurately as possible, using the magnetic strips. There was no time 
limit. When the participant indicated that he/she was finished, the test leader 
took a digital photograph of the model. Three independent raters scored the 
accuracy of the models in these pictures based on 5 elements : a) inclusion of 
starting point and end-point; b) completeness; c) accuracy of the length ratio of 
the different parts of the route; d) accuracy of angles; and e) whether the route 
was mirrored. This method is similar to the one used by Passini et al. (1990). 
For each element, the minimum score was 1 and the maximum score was 5. The 
total score thus varied from 5 to a maximum score of 25. The total scores of the 
three raters showed a mean correlation of 0.80 (p< 0.001). The means of the 
total scores of the three raters were used for analysis. 
Route-memory questions. At the end of Session 3, after all of the tests had been 
completed, the participants answered eight questions about the routes that they 
had walked. For each of the four trajectories that had been walked (all 
trajectories corresponding a different condition), there were two questions that 
could be answered with either 'left' or 'right', e.g. "picture you are leaving the 
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elevator on the ground floor. Which way do you turn to reach the reception 
desk?". A good answer scored 1 point; therefore, 2 points could be scored for 
each of the four conditions, for a total maximum of 8 points. 
3.2.4 Procedure 
Each participant visited the test location (the University Medical Center 
Groningen, Groningen, the Netherlands) once a week for three consecutive 
weeks. During each session, participants walked eight test routes, two for each 
condition. Route-condition combinations were distributed evenly between the 
participants and remained the same across the three sessions. The order of the 
routes varied per session. The tasks related to cognitive mapping skills were 
administered during the first and the third session only. The pointing task and 
distance estimation took place at the end of each route. The modeling task was 
performed after each pair of routes. These tasks were practiced in the first 
session prior to walking the first test route. The route-memory questions were 
only administered at the end of the third session. 
3.2.5 Data analysis 
Unless mentioned otherwise, data were analyzed using the SPSS 18.0 GLM 
repeated-measures procedure, with Visual Impairment (participants with low 
vision vs. blind participants) as between-subject factor and Session (1 vs. 3), 
System (with GIRIS vs. without GIRIS), and Environment (with Environmental 
information vs. without Environmental information) as within-subject factors. 
Since their distributions deviated from normal, the error values of the 
pointing tasks and the distance estimation task and the (reversed) scores for the 
modelling task were log-transformed to allow for GLM-repeated measures. 
Values mentioned in the text and in figures are at the original scale. 
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3.3 Results 
3.3.1 Missing data 
Since one participant failed to attend the third session and another had some 
data missing from one condition in the first session, their data were not included 
in the repeated-measurements analyses. These participants were both guide­
dog users. Of the 22 remaining participants, 10 were blind and 12 had low 
vision. With regard to the route-memory questions, which were only 
administered at the end of the third session, data could be analyzed for 11 blind 
and 12 low vision participants. 
3.3.2 Pointing tasks 
The mean values of the deviations between the pointing directions and the 
actual directions were close to zero in all conditions for both the blind and the 
partially sighted groups (Table 1). Therefore statistical analyses were performed 
on the absolute deviations. Pointing measurements were taken at the end of one 
or two routes per condition; in the latter case deviations were averaged over the 
two routes per participant. Missing values (see Table 1) did not lead to the 
exclusion of any participants other than those mentioned above, because in 
most cases there was another pointing measurement in the same condition that 
could be used for analysis. 
For pointing to the beginning of the route, absolute pointing deviations were 
larger for the blind participants than for the participants with low vision (see 
Figure 1: main effect of Visual Impairment:  F(l,20) = 9.97; p < 0.01; 11 ! = 
0.33). In addition, while the absolute pointing deviations of the low vision group 
remained stable across the sessions, the absolute deviations of the blind group 
increased from Session 1 to Session 3 (interaction between Session and Visual 
Impairment: F(l,20) = 4.65, p < 0.05; 11 ! = 0.19). There were no significant 
effects for the factors System and Environment. 
With regard to pointing to a turn halfway along the route, data were 
analyzed for 12 participants with low vision and only 9 blind participants. The 
reason for the lower number of blind participants was that one additional blind 
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Table 1. Deviations between the pointing directions and the actual directions, 
calculated in degrees and taking into account the direction of the pointing error 
(leftwards coded negative and rightwards coded positive). 
Pointing to the beginning of the route 
N Min 
Low vision 144 -160 




Pointing to a turn halfway along the route 
N Min Max 






Blind 85 -175 175 0,12 67,81 
Note: N represents the total number of pointing measurements (12 participants 
in both groups x 2 sessions x 6 routes for pointing to the beginning of the route 
or 4 routes for pointing to a turn halfway along the route. Missing values: 14 for 
pointing to the beginning of the route; 11 for pointing to a turn along the route. 
individual had some missing data. Since this task could not be performed on all 
routes, each participant had data for only 2 of the 4 conditions. As a result, the 
effect of condition could not be analyzed for the factor Environment, but only for 
the factors System (GIRIS route information vs. Desk information), Session, and 
Visual Impairment. A main effect of Visual Impairment was only marginally 
significant F{ l,19) = 4.16; p = 0.055; 17 ! = 0.18), but in the expected direction: 
pointing deviations were smaller for the low vision group than for the blind 
group (see Figure 2). 
The absolute pointing deviations for pointing to the beginning of the route 
and pointing to a turn halfway along the route were not significantly different 
(paired t-test, t = 1.27; n.s.). 
3.3.3 Distance-estimation task 
The error of the distance estimation was calculated as the absolute difference 
between the estimated portion and the real portion in percent of the total length 
of the route. For each participant, these errors were averaged over the two 
routes per condition. In the first session, mean errors in distance estimation 
were smaller for the conditions without GIRIS than for those with GIRIS (see 
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Pointing to the start of the route 
□ R lQ R+E D ■ D+E 
70 ------------------------
60 �-------------------t--;-,. 
Session 1 Session 3 Session 1 Session 3 
Low vision group (n = 1 2) Bl ind group (n = 1 0) 
Figure 1. 
Mean absolute pointing deviation for pointing to the start of the route. Error bars 
indicate standard errors of the means. R = GIRIS route information; R + E = 
GIRIS route information and GIRIS environmental information; D = Desk 
information only; D + E = Desk information and GIRIS environmental 
information. 
Figure 2. 
Pointing to a turn halfway along the route 
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Session 1 Session 3 Session 1 Session 3 
Low vision group (n = 1 2) Blind group (n = 9) 
Mean absolute pointing deviation for pointing to a turn halfway along the route. 
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Figure 3. 
Distance estimation 
D R  □ R+E D 
Session 1 Session 3 
Low vision group (n = 12) 
■ D+E 
Session 1 Session 3 
Bl ind group (n = 1 0) 
Mean error in distance estimation ( = absolute difference between the estimated 
portion and the real portion in percent of the total length of the route). Error 
bars indicate standard errors of the means. R = GIRIS route information; R + E 
= GIRIS route information and GIRIS environmental information; D = Desk 
information only; D + E = Desk information and GIRIS environmental 
information. 
Figure 3). In the third session, however, mean errors remained similar for the 
conditions without GIRIS, but became smaller for those with GIRIS (interaction 
between Session and System: F(l,20) = 4.65; p <0.05; 7/! = 0. 19). There was 
no significant difference in performance between the participant groups. 
3.3.4 Modeling task 
Reconstructing the route with magnetic strips was performed by 12 participants 
with low vision and 7 blind participants. In addition to the two blind subjects 
with missing data mentioned in section 3. 1 ,  three more blind participants were 
missing data for this task ( one of them refused to perform the task; the other 
two had data missing for one condition). The mean scores for the modelling task 
ranged from 1 1  to the highest possible score of 25, with a median score of 24.0 
(IQR = 4.2), reflecting a ceiling effect (see Figure 4). 
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Modelling 












Session 1 Session 3 Session 1 Session 3 
Low vision group (n = 12) Blind group (n = 7) 
Figure 4. 
Mean scores on model ling task (minimum score = 5; maximum score = 25). 
Error bars indicate standard errors of the means. R = GIRIS route information 
only; R + E = GIRIS route information and GIRIS environmental information; D 
= Desk information only; D + E = Desk information and GIRIS environmental 
information. 
The blind participants showed a more accurate performance in the conditions 
without GIRIS than in those with GIRIS, whereas the low vision group performed 
similarly across conditions (see Figure 4; interaction between System and Visual 
Impairment: (F(l,17) = 5.27, p < 0.05; 17 ! = 0.24). Overal l,  the participants 
with low vision performed better than the blind participants (main effect of 
Visual Impairment (F(l,17) = 11.86, p < 0.01; 17 ! = 0.41). Furthermore, 
participants performed better overal l  on the model l ing task in Session 3 than in 
Session 1 (main effect of Session, F(l,17) = 6.91, p < 0.05; 17 ! = 0.29). 
3.3.5 Route-memory questions 
The mean total score for the route-memory questions over al l four conditions 
was 6.3 (SD = 1.6) and ranged from 3 to the maximum score of 8. Per 
condition, the scores varied between the minimum score of O and the maximum 
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Route memory questions 
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Low vision group (n = 1 2) Bl i nd group (n = 1 1 )  
Figure 5 .  
Mean scores on route memory questions (maximum score = 2). Error bars 
indicate standard errors of the means. Note: R = GIRIS route information only; 
R + E= GIRIS route information and GIRIS environmental information; D = 
Desk information only; D + E = Desk information and GIRIS environmental 
information. 
score of 2 (see Figure 5). Data were analyzed using nonparametric tests. For 
each participant, scores were averaged separately over conditions with and 
conditions without GIRIS to analyze the effect of the factor System. Scores were 
also averaged separately over conditions with and conditions without additional 
environmental information to test the effect of the factor Environment. Wilcoxon 
signed ranks tests showed a significant effect for the factor System (z = -2. 75, p 
< 0.01), but not for the factor Environment. Mean scores were higher for the 
conditions with Desk information than for those with GIRIS route information. 
No significant effect of the between-participants factor Visual Impairment was 
found (Mann-Whitney test; p > 0.05). 
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3.4 Discussion 
The general aim of this study was to investigate how different types of verbal 
information, provided by an electronic navigation system, influence the quality 
of cognitive maps acquired by blind and low vision participants after performing 
a navigation task. The findings are discussed below in the order of four factors 
that were mentioned in the introduction that might affect the accuracy of 
cognitive maps of people who are visually impaired. 
3.4.1 GIRIS use vs. verbal route instruction prior to walking 
With respect to the manner of delivering verbal route information, it was found 
that the acquired cognitive maps of the visually impaired participants were more 
accurate when route information was delivered all at once before the start of the 
route than when it was delivered bit-by-bit during the route by the GIRIS route 
information system. This effect was found for the route-memory questions, the 
modeling task (only for the blind participants), and the distance estimations 
(only in the first session). The pointing tasks, in contrast, did not reveal any 
significant differences. This finding confirms our expectations that receiving 
route information in the form of a complete route description that must be 
remembered for at least the duration of the route is more facilitative the 
development of a cognitive map. It was not necessary to keep the information 
available in one's memory when following the piecemeal instructions as 
delivered by GIRIS during the route. As predicted by Ungar [5], the use of this 
technology may reduce the need for cognitive maps. 
These findings are also in line with the results of the wayfinding 
performance that was tested in the same experiment (see [20]): both 
participant groups walked more routes without interventions (i.e. needed less 
assistance) after receiving Desk information than under conditions with GIRIS­
route information. In that paper, it was suggested that this effect might 
disappear when longer ors more complex routes are used, i.e., when the Desk 
information becomes longer and more difficult to memorize (the routes used in 
this study were quite short). Whether this will also be the case for building a 
mental representation of the route is doubtful, however, because hearing a 
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complete description of a route, even a longer one, from beginning to end may 
still help the visually impaired individual gain a total image of the route, even 
though the exact details and instructions may not be remembered for use while 
navigating. These hypotheses should be tested in an experiment with longer and 
more complex routes. 
3.4.2 Effect of the delivery of environmental information (landmarks) 
The provision of information about the environment, in addition to the route 
information, did not lead to significant differences in performance on the 
cognitive mapping tasks. The number of landmarks that were mentioned in the 
environmental information and their relevance for finding the way might have 
been too low to cause substantial differences in performance between conditions 
with and conditions without environmental information. The same explanation 
was suggested for the lack of effect that this factor had on wayfinding 
performance in the paper by Havik et al. [20]. Further experiments including 
additional and more relevant landmarks in the GIRIS information should be 
conducted to see whether this would make a difference. 
3.4.3 Effect of having more experience 
The authors expected that, with more practice and experience, the participants 
would not only become more familiar with the routes, but they would also get 
more accustomed to using GIRIS and to processing the additional landmark 
information. With respect to the cognitive mapping tasks, a possible effect of the 
increased experience in using GIRIS was only found for the ability to estimate 
distances : performance on this task improved across trials only in the conditions 
with GIRIS. 
Similar results were not found for the other cognitive mapping tasks. A 
general increase in cognitive mapping performance across the trials was only 
found for the modeling task. This effect was not specific to a condition and 
possibly more related to an increased familiarity with the routes in general. 
Strangely enough, the performance of the blind participants for the task of 
pointing to the start of the route decreased from Session 1 to 3. In summary, 
for most of the tasks in this study, the results did not confirm the expectation 
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that performance in general, and particularly under the condition with GIRIS 
route and environmental information, would increase with more practice. 
3.4.4 Effect of visual impairment (blind vs. partially sighted) 
Differences in cognitive mapping performance between the low vision and the 
blind participants were found for the pointing tasks and for the modeling task. 
The participants with low vision were more accurate, which was conform 
expectations. However, the advantage of having residual vision was not found 
for the other cognitive mapping tasks. Interestingly, on the modeling tasks, the 
blind group showed better performance without GIRIS than with GIRIS, while 
the low vision group showed no differences in performance between conditions. 
For the latter group, however, there may have been a ceiling effect for the task: 
it might have been relatively easy for the participants with low vision, who could 
of course profit from their residual vision during the route and while constructing 
the modeling task. 
3.4. 5 Recommendations 
With respect to the development and use of electronic navigation systems for 
people who are visually impaired, the authors would, based on the results of this 
study, recommend including a function that gives an overview of the route 
before an individual starts walking it. Not only does this facilitate the 
development of a cognitive map of the route, but it also leads to better 
wayfinding performance [20]. For example, the possibility to virtually explore a 
route before walking (e.g., the indoor preview feature of the Trekker Breeze 
[www.humanware.com]) can be a very useful way to build a preliminary mental 
representation of a route. Also, for the orientation and mobility training of 
visually impaired individuals, these results provide evidence that supports the 
practice of giving the client an overview of the total route before walking and 
before learning the route piece by piece. 
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3 . 5  Conclusion 
It can be concluded that, for people who are visually impaired receiving a 
complete description of a route before the starting to walk it is more helpful for 
the construction of an a�curate cognitive map than receiving information 
piecemeal during the route from a route information system. No advantages or 
disadvantages were found for the acquisition of a cognitive map when additional 
information about landmarks on the route was supplied. Including additional and 
more relevant landmarks to the information that is delivered about the route 
may, however, lead to different results. 
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Abstract 
This study evaluated a protocol that was developed to assess how beneficial 
electronic travel aids are for persons who are visually impaired. Twenty VIPs 
persons with visual impairments used an electronic travel device (Trekker) for 
six weeks conform to the protocol, which proved useful in identifying successful 
users of the device. 
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4.1 Introduction 
Persons who are visually impaired (that is, those who are blind or have low 
vision) typically experience problems with mobility and wayfinding. Not only can 
these problems result in limited activity, but they can also restrict social 
participation [1]. One of the major concerns of persons who are visually 
impaired with regard to wayfinding is the lack of information they are able to 
obtain from their environment while traveling and when crossing intersections 
[2,3]. Electronic travel aids increase opportunities for independent wayfinding by 
providing information about the user's current location and with navigational 
instructions regarding the route to a destination. These devices are intended to 
be used in addition to, not instead of, a long cane or dog guide. 
A number of electronic travel aids are available in the marketplace, 
including Trekker and Braillenote GPS (both manufactured by Humanware) (for 
a recent overview of such devices, see [4]. The positive impact that these tools 
have on the daily lifes of people with visual impairments in terms of providing 
opportunities and promoting independence is promising. For example, Zabihaylo 
[5] demonstrated that Trekker stimulated its users to explore new environments 
and enhanced their sense of security after one year of use. In single-subject 
experiments with Braillenote GPS, Ponchillia et al. [3] found that the device's 
use can lead to greater wayfinding performance than the use of general 
orientation and mobility (O&M) skills, even in highly familiar areas. These 
investigators recommend that GPS technology for people who are visually 
impaired should become part of rehabilitation and educational programs for both 
the simple and the more complicated functions of the devices. 
Learning how to use an electronic travel device independently generally 
requires a considerable amount of training and motivation, and may not be 
possible for all every individual who is visually impaired. To avoid prescribing a 
device to a visually impaired applicant who might not benefit from its use, 
rehabilitation centers and health insurance companies need to consider the 
efficacy of a device for a potential user before it is purchased. However, as Jutai, 
Strong, and Russell-Minda stated [6, p. 219], as yet there is a "deficit of 
effective and standardized outcome measures for evaluating satisfaction, 
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success, and performance with assistive technologies." On request of the Dutch 
Health Care Insurance Board (College voor Zorgverzekeringen, [7]), the authors 
therefore designed and evaluated a two-phase protocol to assess how beneficial 
a particular electronic travel device is for an individual with visual impairment, 
with regard to the goal of independent O&M. In Phase 1 of the protocol, the 
Identification Phase, the characteristics of a person who is visually impaired are 
tested against identification criteria to identify those who may benefit from the 
use of an electronic travel device. After the most appropriate device with respect 
to the person's mobility problems and whishes is selected, the person enters 
Phase 2, the Intervention Phase, which consists of structured training in the use 
of the device and repeated tests to assess the person's ability to operate the 
device. The person is encouraged to use the device frequently between training 
sessions. On the basis of this two-phase protocol, the decision can be made 
whether the use of the device meets the individual's reported mobility needs and 
whether the device should be prescribed. The design of this protocol was based 
on experiences with a procedure that was used in studies to evaluate the 
efficacy of a night-vision device [8,9]. 
The study presented here applied this two-phase protocol to the use of 
Trekker, a GPS system for people who are visually impaired that is available in 
the Netherlands, and assessed whether the criteria in the Identification Phase 
were sufficient and appropriate and whether the Intervention Phase could 
distinguish between poor and adequate users of the device. The study also 
assessed how much practice and training were necessary before the participants 
could use the device independently. 
4. 2 Methods 
4.2.1 Participants 
A total of 46 persons with visual impairments responded to a request for 
voluntary participation that had been disseminated in the provinces Groningen, 
Drenthe, and Friesland of the Netherlands. None had had prior experience with 
Trekker. After receiving more information about the project, 34 respondents 
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filled out a questionnaire concerning their degree of visual impairment, 
independent mobility, mobility demands, and computer use and skills. Following 
the advice of three O&M instructors from different rehabilitation centers in the 
Netherlands, the authors determined a list of criteria for the identification of 
those who might benefit from the use of an electronic travel device. To qualify 
for the prescription of a device, a person had to have a visual impairment that 
impeded the use of common written sources for information on routes, good 
autonomous mobility skills on familiar routes, a desire to increase his or her 
independent mobility on familiar routes and to explore new routes 
independently, good or corrected hearing, and had to use a computer 
frequently. 
Twenty-nine of the 34 respondents fulfilled these criteria. From this group, 
we chose 20 participants aged 15-68 (mean age: 47 years, SD: 17 years), 14 
men and 6 women, covering a wide distribution of ages and various degrees of 
visual impairment and including those with and without dog guides. Eight 
participants had moderately to severely low vision (visual acuity below 0.5, 
Snellen equivalent 6/12) and 12 were blind, 9 of whom had no light perception. 
Ten participants had been visually impaired from or shortly after birth (early 
onset) and 10 became impaired later in life (late onset). Eleven participants 
used just a long cane, 1 used just a dog guide, 6 used both a cane and a dog 
guide, and 2 used neither a cane nor a dog guide. 
Two participants were not frequent (daily or weekly) computer users, and 
one had low autonomous mobility skills. These participants were included to 
obtain insights into the validity of the criteria that were used in the Identification 
Phase. All the other participants used a computer independently at least once a 
week and had good independent mobility. In addition to the 20 selected 
participants, two highly experienced, totally blind Trekker users (aged 50 and 
60) were invited to participate in the Performance Assessments (discussed later) 
and to form a reference for the performances of the other participants. 
On the basis of their personal experience, all the participants indicated one 
to three mobility problems that they hoped Trekker would solve. These problems 
were classified post hoc into six categories: "getting lost" (n = 6); "not being 
able to walk new routes or in new environments" (n = 11), "being dependent 
and insecure" (n = 7), "not being able to find a particular location or address" (n 
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= 7), "not being able to go out for a walk in the woods or in a park" (n = 4 ), and 
"lack of knowledge about the streets/no image of the environment" (n = 4). 
Written informed consent was obtained from all the participants before the 
study began, and the Ethical Issues Board of the Department of Psychology 
(University of Groningen, Groningen, the Netherlands) approved the study 
protocol. The studywas consistent with the principles outlined in the Declaration 
of Helsinki. 
4. 2.2 Apparatus 
Trekker version 3.0, which has been available on the Dutch market since 2003 
consists of a handheld computer (personal digital assistant) with a touch screen 
that is accessible to persons who are visually impaired by means of an overlay 
keypad and talking menus, a GPS receiver, digital maps, and a speaker. Trekker 
gives information about the user's current position; announces streets and 
intersections; and, when a destination has been entered, plans the itinerary and 
gives detailed route instructions. Moreover, the user can virtually explore a route 
before walking it. Besides the pedestrian mode, which is used while walking, 
Trekker can also be used in a motorized mode (useful to individuals riding on 
public transportation) and in a free mode for navigation in open areas for which 
a digital map is not available. 
4.2.3 Test Leaders 
The test leaders comprised 12 third-year undergraduate students who were 
majoring in Psychology. Before the study began, these students received 
instruction and training in O&M and in escorting a person who is visually 
impaired from one of the authors (Hanneke van der Velde, a professional O&M 
instructor). The students received one day of instruction on the use of Trekker 
from an Optelec instructor. They were closely involved in the development of the 
training protocol, which was supervised by van der Velde, and practiced with 
each other for weeks. This approach guaranteed a proper treatment of the 
participants and a thorough familiarity and expertise of the test leaders with 
both the device and the standardized protocol. 
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4.2.4 Procedure 
The participants used Trekker, on loan from the Dutch distributor Optelec, for six 
weeks. During this six-week period, they followed a procedure that was 
designed conform to the protocol of the Intervention Phase. The participants 
started the experiment in groups of three to five users with the usual one day of 
i nstruction from an Optelec instructor, who was bl ind and highly experienced in 
:xplaining and instructing persons who are visually impaired in how to use 
Trekker on a daily basis. Three additional two-hour individual training sessions 
were scheduled in the fol lowing three weeks and led by the test leaders. The 
participants' proficiency in using Trekker was assessed by means of a 
standardized test ("performance assessment") prior to each individual training 
session, and at the end of the six-week period. The participants were 
encouraged to use Trekker daily and to keep a diary of their experiences 
between training sessions. In the two weeks between the last training session 
and the final performance assessment, the participants were not asked to keep a 
diary and they could use Trekker as often as they wanted to. The O&M problems 
that the participants experienced were assessed by means of O&M 
questionnaires, once before and once after having used Trekker. 
4.2.5 Training Sessions 
The training sessions were organized into six modules of increasing complexity. 
Modules could not be skipped and had to be completed in the original order. If 
necessary, the modules could be repeated. At the start of each training session, 
the participants' experiences of the previous week ( as reported by the 
participants or registered in their diaries) were discussed, individual problems 
were solved, and questions were answered. Some of the training took place 
indoors; the rest was performed outdoors, in a quiet residential neighborhood. 
4. 2. 6 Performance Assessments 
The performance assessments measured the participants' ability to use the 
Trekker menu and enter a destination and to understand and use the 
information supplied by Trekker to navigate the pre-entered routes. A 
performance assessment consisted of two parts. In the first part, the participant 
was asked to enter the starting points and the destinations of two different 
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routes. The handling of Trekker was measured as the "time needed to enter a 
route" (INPUT-TIME) and the "efficiency using the Trekker menu" (MENU-USE). 
The latter was judged on five items (requests for help, speed of handling, ability 
to find the keys, use of the menus, and use of the keyboard shortcuts) using a 
5-point Likert scale, where a higher score represented better handling of the 
device. 
In the second part of the performance assessment, the participant walked 
the two pre-entered routes. Both routes were located in a residential area near 
the Department of Psychology, with short blocks, low buildings, and little traffic. 
The four performance assessments that a participant completed during the study 
were comprised of four different, but highly comparable, pairs of routes, the 
order of which was evenly distributed among the participants. "Navigating with 
Trekker" (NAVIGATING) was judged on four items (general judgment about 
walking the route, independent problem solving, frequency of hesitation, and 
requests for help) using 5-point Likert scales, where a higher score represented 
more efficient and independent use. Moreover, walking speed was measured 
from the beginning to the end of each route and was expressed as a percentage 
of the individual's preferred walking speed (PPWS). Preferred walking speed 
(PWS) was measured separately in the final session along a 20-meter (about 
66-foot) trajectory in a corridor that was free of obstacles. 
During the navigational part of the performance assessment, the participant 
was always accompanied by two test leaders: one who could be asked for help 
when the participant did not know how to continue and the other who walked 
behind the participant to measure the length of time and fill in the observation 
form. At the end of each route, the test leaders checked whether they agreed on 
the scores noted on the observation form and, in case of a difference, 
deliberated to reach a commonly agreed-upon score. 
4.2. 7 Questionnaires 
Aspects of O&M behavior were assessed with an oral questionnaire before the 
first performance assessment and the first individual training session. The 
questions covered the participant's mobility behavior, activities, and orientation 
problems of the previous two weeks and were answered using 4-point Likert 
scales. The same questionnaire was repeated at the end of the six-week period 
78 
ASSESSING THE BENEFIT OF AN ETA 
and focused on the activities and experiences of the two previous weeks in 
which the participants received no training and could freely use the Trekker. In 
the final session, the participants used a 5-point Likert scale to rate the extent 
to which using Trekker had solved the O&M problems they had reported at the 
start of the project and to rate the usefulness of the different training modules. 
4.3 Results 
One individual withdrew after the first instruction session by the Optelec 
instructor, and 4 of the remaining 19 participants missed one training session 
and a performance assessment for personal reasons. 
4.3.1 Training 
Figure 1 shows the highest training module completed per participant for each 
training session (after the initial group instruction by Optelec). Not every 
participant managed to complete the sixth module in three training sessions. 
The slower-learning participants needed an entire training session to complete 
one training module, while the quickest-learning participants completed five or 
six modules in only two training sessions. Seven participants were able to 
complete all of the modules within two or three individual training sessions. All 
modules were experienced as being moderately to very useful (mean rating per 
module: 4.4; SD: 0.4; range: 3.6-5). 
4.3.2 O&M Questionnaire 
The results of the O&M questionnaire that was completed at the beginning of the 
study showed that the participants scored their abilities on most O&M aspects 
before the use of Trekker as being rather high (see Table 1), confirming that the 
participants fulfilled the criterion of having good independent mobility on familiar 
routes. The results after six weeks of Trekker use showed significant 
improvement in 7 of 11 items (pairwise t-test, one-sided p value < .05). 















Training 1 Training 2 Training 3 
Figure 1. 
Number of modules that individual VIPs, represented by separate bars, had 
completed at the end of each training session. 
4.3.3 Performance assessments 
The results of the four performance assessments are presented in Figure 2. All 
the variables showed an improvement in performance from the first (PAl) to the 
fourth (PA4) performance assessment. Statistical analyses were performed using 
the GLM repeated-measures procedure. The results of the four performance 
assessments were significantly different at the 99% level for all variables. 
INPUT-TIME (i.e. for entering both the start and destination addresses) 
decreased from 735s at PAl (SD: 269s) to 358s at PA4 (SD: 138s): F(3,39) = 
14.32; p < .001. The judgment score for M ENU-USE was calculated per 
participant using the mean score of the five separate items, and increased from 
2.45 at PAl (SD: 1.12) to 3.88 at PA4 (SD: 0.91): F(3,42) = 15.65; p < .001. 
The PPWS increased from 52.4% at PAl (SD: 8.6) to 67.3% at PA4 (SD: 12.7): 
F(3,36) = 5.82; p < .01. The judgment score for NAVIGATING was calculated 
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Table 1. 
Results of the O&M questionnaire before and after having used Trekker for 6 
1eeks. 
Rating before Rating after One-'lo Question using Trekker a using Trekker sided 
p-
M SD N M SD N value 
1 Frequency of 3.05 0.62 19 3.58 0.51 19 < .01 
having sighted 
company 
2 Frequency of 3.21 0.92 19 3.11 0.81 19 NS 
going out alone 
3 Trouble to find 3.17 0.82 15 3.15 0.80 15 NS 
address building 
or crossing 
Famil iar routes and situations {routes, crgssings, finding addresses} 
4 Feel ing 3.35 0.49 18 3.53 0.72 18 NS 
independent 
5 Feeling safe 3.36 0.48 18 3.58 0.52 18 < .OS 
6 Orientation 3.37 0.60 19 3.79 0.42 19 < .01 
problems 
(general) 
7 Orientation 3.45 0.52 17 3.67 0.48 17 NS 
problems 
(per situation) 
Unkngwn routes and 1ituations 
8 Feeling 2.00 0.88 15 2.76 0.65 15 < .01 
independent 
9 Feeling safe 2.04 1.07 13 2.54 0.75 13 < .05 
10 Orientation 1.11 1.49 18 2.11 1.45 18 < .01 
problems 
(general) 
1 1  Orientation 0.67 1.07 12 1.74 1.60 12 < .05 
problems 
(per situation) 
Note. Questions 3, 4, 5, 7, 8, and 11 al l consisted of 3-4 sub questions about 
different situations; reported values are the mean scores for these sub questions. 
NS = not significant. 
a 1 = low and 4 = high level of orientation and independent mobi l ity 
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per participant using the mean score of the four separate items, and increased 
from 3.45 at PA1 (SD: 0.8) to 4.08 at PA4 (SD: 0.9) : F(3,39) = 5.69; p < .01. 
Bonferroni-corrected pairwise comparisons showed significant differences 
between PA1 and PA4 for all variables (p < .05). 
To define what should be considered "sufficiently independent use of 
Trekker", we determined cutoff scores for the performance assessment variables 
INPUT-TIME, MENU-USE, and NAVIGATING. The variable PPWS was not included 
as a criterion variable since Trekker can improve a participant's (feeling of) 
autonomous mobility no matter how long it takes the individual to reach a 
destination. For the variable INPUT-TIME less than 600 seconds was considered 
a reasonable cutoff value since all 19 participants needed at most 600 seconds 
to enter a route at PA4 (compared to 6 participants at PA1, 1 1  at PA2, and 12 at 
PA3). As a reference, both of the highly experienced, blind Trekker users needed 
a mean time of 330 seconds to enter a route. The mean time needed by the 
participants at PA4 was 358 seconds. The cutoff values for MENU-USE and 
NAVIGATING were set at a score of 3 or higher. In comparison, the two 
experienced Trekker users scored 4.2 and 4.8 on MENU-USE and 4.8 and 5 on 
NAVIGATING. The cutoff value of each assessment is represented by the dotted 
lines in Figure 2. 
The participants whose results were as good as or better than the 
cutoff scores for at least two of the three variables were considered sufficiently 
capable of using Trekker independently. At the first performance assessment 
(before the additional training sessions), 6 of 18 participants met the criterion 
for sufficiently independent use of Trekker. At PA2 (after one additional training 
session), 1 1  of 19 participants met the criterion. This number increased to 13 of 
17 participants at PA3. At PA4 (after three additional training sessions), 15 of 18 
participants could be classified as being sufficiently capable of using Trekker 
independently. 
When inspecting the relationship between the scores for PA1 and PA4 
and the independent factors of age, visual impairment, onset of visual 
impairment, use of a dog guide, and frequency of computer use, the authors 
found that the scores of the PA1 and PA4 were significantly related to age. The 
younger participants had better scores for "efficiency using the Trekker menu" at 
PA1 (r = - 0.590, p = .010), and needed less time to enter a route at PA4 than 
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Proficiency assessment 
Note. Black squares indicate group means per proficiency assessment. Dotted 
lines represent cutoff scores for sufficient independent use of the Trekker. 
did the older participants (r = 0.489, p = 0.046). The scores were also related 
to the onset of visual impairment : the participants with an early onset of their 
visual impairment needed less time to enter a route at PA4 than did those with a 
late onset (r = 0.486; p = 0.048). 
4.3.4 Degree of improvement in mobility problems 
The "inability to find a particular location or address" (100%), the problem of 
"getting lost, or not knowing where you are" (83%), and "being dependent and 
insecure" (53%) were reported by most of the participants as having improved 
(see Table 2). When the improvement of at least one mobility problem was rated 




Rating of Improvement of Mobility Problems. 
Mobil ity problems No. of 
mentioned at the participants 
start mentioning the 
problem 
Getting lost or not 6 
knowing where you are 
Inability to walk new 11 
routes or to walk in 
new environments 
Being dependent and 7 
insecure 
Inability to find a 7 
particular location or 
address 
Inability to go for a 4 
walk in the woods or in 
a park 
Lack of knowledge 4 
about the streets/no 













a on a 5-points scale: 1= no improvement, 5 = much improvement. 
No. of 
scores 








mobility problems were at least partly solved and that Trekker could offer a 
proper an adequate solution for his or her mobility situation. This was the case 
for 15 participants. 
4.4 Discussion 
The aim of the present study was to develop and evaluate a two-phase protocol 
to assess how beneficial a particular electronic travel device is for people who 
are visually impaired. In the Identification Phase, 20 participants were selected 
who might be eligible for the prescription of a device. Nineteen participants used 
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this device for six weeks, conforming to the protocol of the Intervention Phase. 
In addition to the standard instruction given by the supplier, three training 
sessions were provided. At the end of the Intervention Phase, the functionality 
of the device for each individual user was determined by his or her ability to use 
the device independently, as assessed with performance assessments; and the 
usefulness of the device, as defined by an improvement in the participants' 
earlier experienced mobility problems. In this study, a reduction in mobility 
problems was judged by the participants themselves; in a "real-life" setting, 
such a judgment would be made in consultation with an O&M instructor. 
The protocol for the Identification Phase comprised five criteria, which were 
met by nearly all the participants. One criterion, frequent computer use, is often 
assumed to be necessary in order to master the handling of Trekker's elaborate 
interface [5,10]. One participant, however, did not use a computer 
independently, but was sufficiently able to use Trekker unaided at the final 
performance assessment, and another participant with sufficient computer 
experience, but little autonomous mobility, did not reach this level of 
independent use. This latter participant was unable to walk without assistance 
much farther than 200 meters (about 66 feet), and thus could not independently 
complete the performance assessments. Therefore, we recommend that good 
autonomous mobility should be included in the list identification criteria, and 
that sufficient computer experience, although it may facilitate mastery of the 
Trekker menu, should not be used as a strict requirement. 
Use of Trekker had a positive influence on the O&M of most of the 
participants in the study, especially when unfamiliar routes were taken. The 
results of the O&M questionnaires showed that, in general, the participants felt 
more independent and safe when they used Trekker, and that they experienced 
fewer orientation problems on unfamiliar routes. 
The results of the training sessions that were conducted during the 
Intervention Phase differentiated well between the participants who mastered 
the use of Trekker in one or two training sessions, those who showed a gradual 
increase in their abilities to the highest module level during the project, and 
those who showed less progress and did not proceed further than the third 
training module. The standard instructions given by the Optelec instructor plus 
one week of practice at home was insufficient for most of the participants to 
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fulfill the criteria for independent use of Trekker. Since there was no control 
group that received only standard instructions and no additional training 
sessions, it is unclear whether the participants' improved performance on the 
performance assessments was mainly due to the additional training sessions or 
to practicing at home. In any case, the training modules were appreciated and 
rated as very useful by 1 the 14 participants who filled out the evaluation 
questionnaire at the end of the study. In comparison, in the United States, the 
Guide Dog Foundation for the Blind offers its clients a training program that 
generally lasts three to four days with classroom sessions and practical lessons 
on the street [10]. Another project [11] that studied 12 students using Trekker, 
offered two days of training. The students and their instructors reported that 
step-by-step lessons are needed to become proficient in using the device. 
The protocol of the Intervention Phase allowed the identification of 15 of 19 
participants who were able to use Trekker independently at the end of the 
project. Thirteen of these 15 indicated that one or more of the mobility or 
orientation problems that they initially mentioned had been solved or 
ameliorated with the use of Trekker. As a result, following the protocol for the 
Intervention Phase, Trekker can be considered a beneficial electronic travel 
device for those 13 participants. 
5.5 Conclusion 
For financing institutions (such as insurance companies), as well as rehabilitation 
centers and the applicants themselves, it is useful, if not necessary, to have 
guidelines on how to decide whether a certain electronic travel device will be 
beneficial for an applicant. This study has shown that not all persons who are 
visually impaired will profit to the same extent from an electronic travel device 
like Trekker. Some will not be able to master the use of the device sufficiently, 
while others will not experience a satisfying improvement in their particular 
mobility situation. 
The results of this study support the use of a two-phase protocol, including an 
Identification and an Intervention Phase. According to this protocol, at least 
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three individual training sessions should be provided, stimulating the applicants 
to learn to use the selected electronic travel device independently before they 
decide to purchase it. A habituation period of at least six weeks gives the 
applicants the opportunity to demonstrate and experience whether the device is 
the proper solution for their particular situation. The functionality of the device 
should be assessed by measuring the applicants' skills and ability to use the 
device independently as well as the reduction in their experienced mobility 
problems. Doing so will avoid the purchase of an electronic travel device that will 
not be frequently used in the long run. 
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Abstract 
Shared Space is a concept that comprises the design and planning process of a 
public space. There are concerns about the accessibility of Shared Spaces for 
people who are visually impaired. This study provides a systematic overview of 
the appearance of Shared Spaces in the Netherlands and the consequences that 
these spaces may have for the independent mobility of visually impaired 
persons. Environmental characteristics of ten typical Shared-Space locations in 
the Netherlands were registered. The level of hindrance that these 
characteristics could cause visually impaired users of these spaces was judged 
by a group of experts in the field of orientation and mobility. In addition, 
compliance of the selected locations with existing guidelines for accessibility was 
assessed. None of the selected Shared-Space locations were free of potential 
problems for visually impaired persons. 
90 
ACCESSIBILITY OF SHARED SPACE : AN INVENTORY 
5. 1 Introduction 
Shared Space is an innovative approach to the use and design of the public 
space as well as to the accompanying processes of planning and decision­
making. Essential to this approach are the democratic involvement of future 
users and an interdisciplinary working method: local residents, traffic engineers 
and urban designers cooperate and share their expertise in order to combine 
multiple purposes of public areas [1]. The aim of Shared Space is to create high­
quality public spaces that facilitate human interaction and social behaviour, 
without restricting or banishing motorized traffic [2]. 
With respect to the design of streets and traffic junctions, Shared Space 
aims at a natural integration of fast and slow traffic with other forms of human 
activity. By removing conventional structures like signs, traffic lights, and 
delineations between the various road users, a certain amount of deregulation is 
intentionally created (see Figure 1 and Figure 2 for examples of Shared Space in 
the Netherlands). As a result, Shared Spaces gently force road users to behave 
cautiously and to reduce their speed. Diverse traffic flows mingle and traffic 
behaviour becomes humanized: road users have to negotiate their right of way 
and take all other road users into account, e.g. by making eye contact. 
Shared Spaces are usually realized at dynamic urban places with mixed 
functions, often in the centre of a city or village. They must, however, be kept 
distinct from traffic areas that are designed for rapid-transit movements, areas 
that require a totally different behaviour [2]. Hamilton-Baillie and Jones [3] 
argued that a maximum speed of 30 km/h is necessary for a Shared Space - not 
only for safety reasons, but also to facilitate the adaptive and interactive traffic 
behaviour that is necessary when sharing a street. 
Initially developed in the Netherlands, the Shared-Space concept has 
become popular during the past two decades and implemented with increasing 
regularity throughout Europe and beyond. The interest of policy-makers in the 
concept is growing rapidly because it offers good prospects for a) efficient traffic 
circulation; b) enrichment of the public realm [1]; c) meeting the desires of the 
public, and d) the economic revitalization of town centres [4]. Although not the 
91  
CHAPTER 5 
Figure 1. Haren (Rijksstraatweg) 
Figure 2 .  Haren (Rijksstraatweg) 
primary intention of Shared Space, increased road safety has also been 
mentioned as a benefit. Available evidence of this, however, is limited [5]. 
Some aspects of Shared-Space areas, such as lower speeds, a reduced 
emphasis on motorized traffic, and increased recognition of the importance of 
attentiveness to other road users, can be beneficial for visually impaired 
persons. However, the fact that a Shared-Space environment is (intentionally) 
less predictable, with a less-structured traffic flow, may cause visually impaired 
persons to feel unsafe. Shared-Space design often results in open areas, which 
resemble a square more than a street and can be very difficult for to navigate 
for people who are visually impaired. In particular, the removal of conventional 
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infrastructure like kerbs and crosswalks, which visually impaired persons and 
also guide dogs are trained to use, can lead to problems in orientation and 
navigation. Moreover, the expected (visually guided) social interaction is often 
unfeasible without sufficient sight. For these reasons, Shared Spaces may imply 
a serious disadvantage, and prove very problematic, if not dangerous, for 
visually impaired persons. In the Netherlands, there are over 300,000 
individuals with a visual impairment [6]. Currently comprising about 1.8% of the 
total population and increasing in number because of the aging populace, this 
group of road users cannot to be ignored. 
With the growing utilization of Shared Space, various European 
communities representing individuals with visual impairment have expressed 
their concerns about, e.g., [7,8], and even campaigned against [9], the 
implementation of 'Shared Surface Streets'. To date, however, little objective 
and systematic research has been undertaken on the topic. Moreover, the 
involvement of a wide variety of areas, traffic situations, designers, and 
communities has led to such diversity in the implementation of the Shared­
Space concept, that Dutch Shared Spaces may not be fully comparable to those 
in, for example, Germany or the UK. Also, the terminology used is not consistent 
throughout different countries. 
The aim of the present study was to provide a systematic overview of the 
appearance of Shared Spaces in the Netherlands, and the possible consequences 
of Shared Space for visually impaired persons. The authors registered the 
environmental characteristics of ten typical Shared-Space locations in the 
Netherlands, and assessed the level of hindrance these characteristics can cause 
for visually impaired users. In addition, they determined compliance of the 
selected locations with existing Dutch guidelines for accessibility. 
5.2 Methods 
The ten Shared-Space locations that were selected for this study were put 
forward by co-workers of the Shared Space Institute (newly incorporated into 
the Knowledge Centre Shared Space, Hanze University of Applied Sciences, 
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Leeuwarden, Leeuwarden, the Netherlands; www.nhl.nl/sharedspace) as 
representing 'typical Shared-Space locations'. The selection included only 
locations that were likely to be visited by visually impaired pedestrians and that 
represented an actual mixture of slow and fast traffic modes. For this reason, 
Shared-Space-like areas with speed limits above 30 km/h, which do exist in 
some locations in the Netherlands (Siegerswoude, Nij Beets) were not included. 
Environmental characteristics were registered on-site. The inventory 
included some important general characteristics that describe the design of the 
public spaces under review (e.g. the presence of traffic lights and crossing 
points) as well as characteristics that are specifically relevant for visually 
impaired users (e.g. the presence of guidance paths and obstructing obstacles). 
All of these characteristics are listed in Table 2 in the Results section. The 
characteristics that are specifically relevant for visually impaired users were 
formulated in conformity with the accessibility guidelines that were selected 
from the Dutch Accessibility Manual [10], the leading standard for the general 
accessibility of outdoor spaces and buildings in the Netherlands, and a 
complementary publication by CROW [11]. Three of the authors (EMH, BJMM-D, 
FJJMS) judged independently and on-site whether the accessibility guidelines 
were met, partly met, or not met at all. Immediate agreement was reached in 
75% of the cases; in the remaining cases, mutual agreement was reached after 
some deliberation. The judges were fully sighted persons who have years of 
experience in working with visually impaired people, specifically with regard to 
mobility and accessibility issues. Where applicable, widths of the walking routes 
and height differences were measured and the differences in reflectance factors 
between adjacent road parts were calculated from measures of luminance 
(Minolta LS-110). 
Next, all of the general and specific characteristics in the inventory were 
judged with regard to their accessibility for visually impaired persons. The 
review panel comprised an expert group of 11 specialists: seven orientation and 
mobility (O&M) specialists (including one blind and one partially sighted person) 
from Royal Visio (www.visio.org) and one from Bartimeus (www.bartimeus.nl) 
(both are centres of expertise for visually impaired persons in the Netherlands), 
a guide dog instructor from KNGF Geleidehonden (Royal Dutch Guide Dog 
Foundation, www.geleidehond.nl), a consultant from Viziris (the Dutch network 
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organization for partially sighted persons, www.viziris.nl), and a consultant from 
the Dutch Deafblind Network (DBN, www. Doofblindennetwerk.nl). The members 
of this expert group were asked to imagine each characteristic in a general 
street or environment with a speed limit of 30 km/h (the instructions did not 
mention Shared Space), and to assign the characteristic a score on a scale of 1 
to 5, where 1 indicated that the characteristic could theoretically cause no 
hindrance and 5 insurmountable hindrance to the orientation and the 
independent mobility of visually impaired persons and their feeling of safety 
when walking in the environment. 
The specialists were not informed about the observed frequency of the 
characteristics in Shared Space, nor were they aware that their judgements 
would be used to assess the accessibility of Shared Spaces. There were also 
three questions regarding the importance of indicating the entrance to/exit from 
a Shared-Space area. Because these three questions could not be judged 
without mentioning Shared Space, they were written on a separate page at the 
end of the questionnaire. 
Since all observed characteristics had to be judged on the same scale, they 
were all formulated as possible problems. This entailed presenting the review 
panel with negative formulations of characteristics derived from the accessibility 
guidelines. The observed frequency, therefore, indicates the number of locations 
that did not meet these guidelines. 
5.3 Results 
5.3.1 Description of the selected locations 
Within the set of selected Shared-Space locations a diverse range of sites was 
represented (Table 1): some comprised only a single crossing or roundabout, 
whereas others included the main street of a village. All locations were in the 
northern part of the Netherlands and were frequented by a diverse mix of slow 
and fast(er) traffic. Traffic intensity varied between locations from ca. 2,600 to 
ca. 24,000 motorized vehicles per 24 hours. 
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Table 1 .  Selected Shared Seace locations. 
Shared-Space Round Crossing Town Shops Bars Traffic 
location 1 about centre intensity2 
1. Haren 8.200 [centre] X X X X X 
2.Drachten 
[Kaden/Toren- X X X 24.000 
straat] 
3. Drachten 
22.000 [Laweiplein] X 
4. Sneek 
[Prins X X 11.000 
Hendrikkade] 
5. Oosterwolde unknown [Oostenburgplein] X X 
6. Oosterwolde unknown [Brink] X X 
7. Oosterwolde unknown [Stationssstraat] X X 
8. Muntendam 6.250 [centre] X X X X 
9. Onnen 
2.600 [Dorpsweg] X X 
10. Boornbergum 
X X X unknown [centreJ 
1 All locations can be viewed at 'Google Maps' with the 'street view' option, using 
the following coordinates and directions: 1) 53.173775,6.602225; southwards; 
2) 53.106822,6.100612; eastwards; 3 )  53.103152,6.097573; eastwards; 
4) 53.033794,5.660223; eastwards; 5) 52.99475,6.296212; north-eastwards; 
6) 52.993478,6.294131; southwards; 7) 52.988948,6.291137; westwards; 
8) 53.136126,6.868504; south-eastwards, following Kerkstraat into Middenweg; 
9) 53.158641,6.639959; southwards; 10) 53.08278,6.045034; eastwards. 
2Traffic intensity as measured by communities, expressed in number of 
motorized vehicles per 24 hours. 
5.3.2 Registered characteristics 
The observed frequency of characteristics at the Shared-Space locations 
included in this study is presented in Table 2. Common to all locations were the 
absence of traffic lights, kerbs, sufficient luminance contrasts marking the 
walking route, and separate areas for cars and cyclists. There was sufficient free 
passing space and there were sufficient unobstructed lines of sight at oncoming 
traffic. The presence of most other characteristics varied between locations and 
will be discussed per category. 
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Street arrangement / Walking route. Demarcations between different parts of 
the street were realized at eight out of the ten locations, using different colours 
of paving material (at 5 of these locations, the demarcations were only realized 
at selected points within the locations, while at other spots there was no 
demarcation at all). The contrast in brightness between the carriageway and 
what could be considered pavement or a walking route was not sufficient at any 
of these locations: i.e. differences in reflectance factor were below the 
prescribed minimum of 0.3 [10]. Special zones were realized for pedestrians 
around a square or roundabout at two locations. These zones were marked with 
differently coloured paving or by an upstanding edge. At only three locations the 
walking route (or what could be unofficially considered as such) was completely 
free of obstacles, such as bicycle racks, shop displays, terraces, etc. Obstacles 
on walking routes were never marked with warning signs. Eight locations 
included areas where cyclists could be expected to ride in the same area that 
was used by pedestrians (e.g. , Figure 3 and 4). 
Route guidance. At two locations there were tactile guidance paths, leading to a 
zebra-crossing. Traditional guidance cues were sufficient at only one location. At 
six locations traditional guidance cues were usable only at some stretches within 
the location. 
Crossings. Zebra crossings (without traffic lights) were present at four locations, 
while there were also four locations with alternative informal crossings marked 
by bollards or differently coloured paving material (e.g., Figure 5). At three 
locations there was no crossing indicated at all. The beginning and end of the 
zebra crossings and the informal crossings were not or not sufficiently marked in 
a visual way, and tactile warnings were present at only two locations. 
Protection when height differences or waterside are present. Only at one location 
was a height difference of more than 25 cm observed. This concerned stairs 
leading down to a waterside. Although the fences placed at this spot were 
sufficiently high, they were positioned too far apart (280 cm): the opening in the 
protection was wider than the 10 cm suggested in the guidelines and a visually 
impaired person could easily pass through the protection without noticing. 
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Parking policy. Parking policy was either quite lax, i.e. permitting short-term 
parking or loading/unloading at places where parking is not formally allowed 
(thus no strict law enforcement, at four locations), or completely absent, i.e. 
parking was not prohibited and in principle possible anywhere. 
Marking of the entrance to a Shared-Space area. The entrance to Shared-Space 
areas was always marked by the disappearance of kerbs and bicycle paths (if 
present), and in most cases also by a change in paving structure. This change 
usually involved a transition from black asphalt to brick paving, which was 
mostly red, complemented by grey or black lines or edges. In six cases a striped 
speed ramp marked the entrance, and in one case there was an (unofficial) 
traffic sign signalling the need to take other traffic participants into account. The 
panel of O&M experts considered a clear demarcation of the entrance to a 
Shared-Space area, perceivable by both fully sighted and visually impaired 
individuals, to be very important (median of 4, on a scale of 1 [not important at 
all] to 5 [crucial, of vital importance]). 
5.3.3 Compatibility with accessibility guidelines 
Table 2 also shows which of the characteristics were selected from the Dutch 
Accessibility Manual [10] and/or complementary publication by CROW [11]. 
None of the locations met all of the selected accessibility guidelines. The 
guidelines for the unobstructed width and height of passageways and an 
unobstructed line of sight at approaching traffic were rarely violated. However, 
the guidelines for a clearly marked and obstacle-free walking route, sufficient 
route guidance, tactile warnings, and warnings for height differences were rarely 
entirely complied with. 
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Table 2. Characteristics, their observed frequency and judgements of the level of 
hindrance they can cause visually impaired persons. 
Street arrangement 
Included in Observed 
the Dutch frequency / 






The transition between road parts for motorized traffic and road parts for 
pedestrians is demarcated by .. 
.. nothing (no kerbs, or any no 2/10  4 
other demarcation) 
.. differentially coloured no 7/10  4 
paving (but no kerbs, or any 
other demarcation) 
.. a gutter no 1/10  3 
. .  a drain no 1/10  2 
. . a fence every few meters, no 2/10  4 
that prevents cars from 
parking in the 'pedestrian 
part ' 
There is no kerb, but there is no 2/10  4 
a special zone for 
pedestrians, around a square 
or roundabout 
There is no bicycle lane; no 10/10 2 
cyclists ride on the 
carriageway 
There is no bicycle lane; no 8/10  4 
cyclists may ride both on the 
carriageway and in 
'pedestrian part' 
Walking route (or what could be considered as such) 
Walking route is not no 7/10 2 
completely free of obstacles 
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Table 2. (Continued) 
Obstacles located in or yes 7/7 2 
directly next to the walking 
route are not marked with 
warning signs 
Walking route is not marked yes 10/10 3 
by a sufficient brightness 
contrast (difference in 
brightness contrast lower 
than 0.30 4) 
Walking surface is almost yes 3/10 3 
even, however (incidentally) 
there are irregularities of 
more than 5 mm in height 
Width of free horizontal yes 0/10 2 
passing space is less than 
1,5 m 
Width of free horizontal yes 1/10 2 
passing space is (incidentally) 
less than 1,2 m 
Height of free vertical passing yes 1/10 2 
space is (incidentally) lower 
than 2,2 m 
Route guidance 
Usable traditional guidance yes 8/10 4 
cues or guidance paths5 on 
the route are absent 
Guidance cues or guidance yes 3/7 3 
path are interrupted by 
(parked) vehicles 
Tactile warnings (e.g. blister yes 8/10 4 
paving) at dangerous 
situations such as crossings 
or stairs are absent 
Crossings 
There are no traffic lights, but no 4/10 2 
there is a zebra crossing 
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Table 2. (Continued) 
There are no traffic l ights and no 3/10 3 
no zebra'  crossings, but there 
is an informal  crossing,  
marked by bol lards or 
differently coloured paving 
Any formal or informal p lace no 3/10 4 
to cross is absent 
Brightness contrast between yes 7/7 4 
carriageway and 'pedestrian 
zone' at crossing is 
i nsufficient 
Tacti le  warnings at crossing yes 5/7 4 
are absent 
Obstructed sight l ines at yes 0/10 4 
oncoming traffic 
Protection when height differences or waterside are present 
When height d ifference a long yes 1/1 4 
wal king route is � 25 cm : 
absence of protection that is 
� lm high 
When height difference is yes 1/2 2 
present along wa lking route : 
opening in protection (e . g .  a 
fence) is wider than 10 cm 
Parking pol icy 
Parking is only a l lowed i n  no 0/1 0  1 
designated parking places. 
Parking is not a l lowed , but no 4/10 2 
loading/unloadi ng and short 
stopping (e .g . at an ATM) is 
permitted 
Parking is a l lowed and is i n  no 1/10 2 
principle possible anywhere, 




Table 2. (Continued) 
Parking is allowed and is no 5/10 3 
possible anywhere, but there 
are no desig nated parking 
places 
Marking of the entrance of the Shared Space area 
Presence of special traffic no 1/10 NJ 
sign 
Disappearance of kerbs and no 3/3 NJ 
bicycle path (if present) 
Presence of change in no 9/10 NJ 
pavement structure 
Presence of speed ramp no 6/10 NJ 
marked with stripes 
Traffic signs 
Speed limit is 30 km/h (20 no 10/10 NJ 
mph) (sign at or before the 
entrance to the area) 
Other traffic signs no 5/10 NJ 
Notes: 
1Characteristics selected from the Dutch Accessibility Manual (Wijk, 2008), the 
leading standard for the general accessibility of outside spaces and buildings in 
the Netherlands, and from a complementary publication by CROW (2002). 
2Also counted when only observed in a considerable part of a location. 
3Judgments were given on a scale of 1 to 5, where 1 indicated that the 
characteristic can theoretically cause no hindrance, and 5 indicated that the 
characteristic can cause insurmountable hindrance hindrance to the orientation 
and the independent mobility of visually impaired persons and their feeling of 
safety when walking in the environment. 
4According to the guidelines as described in the Dutch Accessibility Manual (van 
Wijk, 2008), a difference in reflectance factor of � 0.30 is needed to perceive 
important elements in the environment. This guideline was originally meant to 
be used indoors; whether it is also applicable outdoors is unclear. 
5Traditional or natural guidance cues are elements that are present in the 
environment and that can give guidance to visually impaired pedestrians (e.g. 
a property line, kerbs, or a change in texture of the underground). A guidance 
path is specifically designed to be perceivable by visually impaired people. 
NJ = no judgement 
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Figure 3. Sneek (Prins Hendrikkade) 
Figure 4. Muntendam (Kerkstraat) 
Figure 5. Sneek (Prins Hendrikkade) 
Note. A dotted line 
indicates the position of a 
grey line between dark 
red bricks, forming the 
suggested, unofficial 
separation with the 
carriageway. The cyclist 
on the left is riding in a 
zone where pedestrians 
are also expected to 
walk. 
Note . In the front there is 
a crossing suggestion, 
marked by grey stones 
amongst dark red paving 
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5.3.4 Degree of hindrance caused by the observed characteristics:  accessibility 
problems associated with Shared Space 
The last column of Table 2 shows for each characteristic the median of the 
judgements given by the panel of O&M experts with regard to the level of 
hindrance expected (judgements were made irrespective of the observed 
frequency). Characteristics that a) were observed at at least 50% of the 
locations, and b) were assigned a median rating of 3 (considerable hindrance), 4 
(severe hindrance), or 5 (insurmountable hindrance) were considered as 
accessibility problems that can be associated with Shared Space with regard to 
visually impaired persons. These characteristics were: 
• Absence of kerbs or any other demarcation between stretches of road 
that can be perceived in a tactile way. 
• The possibility of cyclists riding on the section used by pedestrians. 
• A walking route that is not marked by a sufficient brightness contrast 
(difference in reflectance factor less than 0.30). 
• Insufficient brightness contrast between carriageway and 'pedestrian 
zone' at the crossing (difference in reflectance factor less than 0.30). 
• Absence of tactile warnings (e.g. blister paving) in dangerous situations, 
e.g. crossings or stairs. 
• Absence of usable traditional guidance cues or guidance paths. 
• Absence of designated parking places and/or parking that is possible 
anywhere. 
5.4 Discussion 
The first aim of the inventory presented in this study was to describe the 
'general appearance' of Shared Spaces in the Netherlands. Given the results, 
however, it is not possible to present a strict definition of the general 
appearance of a Shared-Space location. Each application of the concept leads to 
a different streetscape, which is a natural consequence of the processes and 
strategies customary to the Shared-Space concept: there are no universally 
applicable rules with regard to the design of a Shared Space. Although more 
differences than resemblances were observed between the ten locations selected 
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for this study, a number of common characteristics were perceived. These 
included the absence of traffic lights and kerbs, and the absence of separate 
areas for cars and cyclists. At al l but two locations, separation between vehicles 
and pedestrians was either absent or only marked visually (i.e. not perceivable 
in a tactile manner). Al l locations had unobstructed l ines of sight of oncoming 
traffic and sufficient free walking space. 
The second aim of the inventory was to assess the consequences that a 
Shared-Space street layout can have for the accessibility for visually impaired 
persons. Assessment of compatibility with the accessibility guidelines showed 
that none of the locations met al l of the selected accessibility guidelines relevant 
for visually impaired persons. Guidelines that were violated at nearly all 
locations included a clearly marked and obstacle-free walking route, sufficient 
route guidance, and tactile warnings. Moreover, the expert group judged the 
level of hindrance the registered characteristics could cause to the orientation 
and independent mobility of visual ly impaired persons and their feeling of safety 
when walking in the environment. Based on these judgements, and on the 
observed frequency of the characteristics, the authors were able to identify 
several accessibility problems for visual ly impaired persons that can result from 
the implementation of a Shared-Space design as found in the Netherlands, 
represented by the ten selected locations for this study. None of the locations 
were free of any such accessibility problems. 
The identified accessibility problems and the findings from the accessibility­
guidelines compatibility check show that the accessibility for visual ly impaired 
people may indeed be seriously at risk in Shared Space. The most important 
accessibility issues that came forward from the results are grouped around some 
central themes and are discussed below. It is explained why these issues are 
relevant to the accessibility for visually impaired persons. Although not the main 
aim of this inventory, at some points some recommendations are given for 
reducing or preventing accessibility problems. 
Kerb edges or clearly detectable alternative demarcation between motorized 
traffic and pedestrians 
For visually impaired individuals, kerb edges are highly important cues for 
orientation. They use kerb edges to verify whether they are in a pedestrian area 
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or in an area where motorized traffic and cyclists can be expected. Kerb edges 
also have significant value for orientation when crossing streets: they help the 
visually impaired individual to cross in a straight line and to know when the 
other side of the road is reached. They are also important for guide dogs: these 
animals are trained to walk on the kerb. In the absence of a kerb, guide dogs 
will lead their owners to the place with the least obstacles, which will usually be 
the carriageway. Because a dog owner cannot perceive that he/she has left a 
pavement area, the absence of kerbs may result in the unwanted situation of 
the dog owner not being aware that he/she is walking on the carriageway. For 
these reasons, it is important that in the absence of traditional kerbs, alternative 
structures are put in place that can be detected by visually impaired persons, 
with either the foot or the long cane. Ideally, the alternative demarcation will 
also be detectable by guide dogs. At the University College in Londen (UCL) 
research has been undertaken into the effectiveness of lowered kerbs and 
alternative delineators for visually impaired pedestrians [12-14]. 
How to deal with cyclists in the pedestrian area ? 
Ideally, a Shared Space should prompt correct social behaviour of all street 
users, including cyclists, in such a way that they slow down, anticipate 
situations, and take other users into account, thus enabling pedestrians to feel 
safe in the entire area. In practice, however, this effect may not always be 
reached. Cyclists passing too closely can be experienced as very uncomfortable 
or even frightening, not only for visually impaired persons, but also for other 
pedestrians, because one can usually not hear the cyclist approaching. This can 
be exacerbated by the unexpectedness of a cyclist's behaviour, e.g. quickly 
veering around obstacles such as parked cars. The introduction of 'safe zones', 
'safe spaces' or 'comfort spaces' for pedestrians has been recommended to 
avoid this potential problem [15-17]. These 'safe spaces' are described as zones 
that are strictly reserved for pedestrians; although not delineated by a 
traditional kerb, they should be clearly detectable by visually impaired users. 
They still facilitate a sharing of the larger part of the street area by users who 
feel comfortable to do so. 
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Usable traditional guidance cues and guidance paths 
Traditional guidance cues were often absent or difficult to use. For example, 
some of the locations had an irregular building line with many openings and side 
roads or with many obstacles placed next to it, which made the line unusable as 
a guidance cue. When there are detectable differences in a surface, they should 
be applied consistently in order to be used as a guidance cue. In the absence of 
usable traditional guidance cues, i.e. according to accessibility guidelines, 
guidance paths should be provided. 
Clearly detectable and marked places to cross 
At most of the selected locations, crossings lacked tactile warnings and 
demarcation between the street and the pedestrian zone was insufficient. 
Detectable, tactile markings of places to cross are highly important for visually 
impaired persons, not only to denote the beginning and the end of a crossing, 
but also to guide them towards the crossing. Before a visually impaired 
individual can start to cross the street, he/she needs to have an idea about the 
configuration of the crossing, decide about an appropriate location to cross, 
recognize where the street to be crossed actually starts, and establish the 
correct direction to cross. To facilitate these sub-activities, a detectable 
demarcation between the pedestrian area and the street in a traditional or 
alternative way is required. Moreover, guidance towards the crossing should be 
provided. Tactile warnings are not only relevant at crossings; it is also important 
that height differences and stairs are clearly marked. 
Designated parking places or a no-parking zone 
When drivers are free to park their car anywhere, as a result of the layout of a 
Shared-Space street, unpredictable and chaotic situations can arise (Figure 6 
and 7). While parked cars as such are not a problem for visually impaired 
persons, predictability and structure are very important for them to maintain 
orientation. Therefore a clear parking policy with either carefully designated 
parking places or a no-parking zone should be part of the Shared Space design. 
Similar suggestions were made by the Department for Transport [16] and the 
Gesamtverband der Deutschen Versicherungswirtschaft e.V. [18]. 
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Figure 6. Oosterwolde (Brink) 
Figure 7. Haren (Rijksstraatweg) 
Entering/exiting a Shared-Space area 
Note. Parked cars lead to 
a chaotic situation. 
Note. Three parked cars, 
indicated by white 
arrows, lead to a chaotic 
situation . 
Another issue that was raised was the low detectability of the entrance and exit 
of a Shared-Space area. The fact that an individual is entering an area where 
different rules apply for traffic and social interaction can be crucial to know. 
Even though visually impaired persons do not have to behave differently 
themselves, it can be helpful to know that they are no longer walking on a 
traditional kerb and that other people wil l (supposedly) pay more attention to 
them. 
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While the main focus of this study was on problems that Shared Space can 
impose upon the accessibility for visually impaired persons, some positive 
consequences of the implementation of Shared Space for this specific group of 
road users were also found. These include low speed limits, the spaciousness, 
and the good lines of sight for a good overview of the situation. This latter point 
implies that visually impaired pedestrians are visible for other road users. 
Moreover, a good line of sight can also be helpful for those individuals who have 
some remaining vision. This overview can, however, be disturbed by parked 
cars, as discussed above. 
Importantly, it is not said that the identified problems in this study cannot 
be found at conventionally designed locations, and certainly there are 
conventionally designed areas that do not meet all accessibility guidelines 
(Dutch law does not strictly demand application of these accessibility guidelines 
[19]). An important accessibility problem that was present at all Shared-Space 
locations in this study and that is most likely to be less frequently found at 
conventional locations, is the absence of kerb edges and a clearly recognizable 
demarcation between road parts. In the UK, this phenomenon of a street surface 
without any demarcation between the footway and the carriageway, where 
pedestrians and vehicles share the same surface, is referred to by the term 
'shared surface' or 'level surface' [16,20]. It is also a feature of many Shared­
Space schemes in the UK and a major concern of the Guide Dogs for the Blind 
Association [21,22]. 
Even though the findings of this study are limited to the selected locations, 
the identified and discussed accessibility issues warrant serious consideration 
when developing and designing Shared Space areas at any other place. It has to 
be noted that the accessibility problems were identified by experts in the field of 
visual impairment and mobility, most of whom were fully sighted. Whether these 
problems are experienced as a real difficulty in practice by people who are 
visually impaired depends on the specific situation as well as on the abilities of 
the visually impaired individual. Controlled research in real-life situations is 
needed in order to obtain greater insight into these issues and to discover what 
can be done to overcome the identified potential problems. 
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5.5 Concluding remarks 
The diversity of the observed environmental characteristics of Shared Spaces in 
this study does not allow for a definition of the general appearance of a Shared­
Space location in the Netherlands. Importantly, none of the selected Shared­
Space locations was free of accessibility problems for visually impaired persons 
and the accessibility for visually impaired people may thus indeed be at risk in 
Shared Space. The study resulted in a list of the most important problems 
related to accessibility for visually impaired persons that can be encountered in 
Shared-Space areas. To further assess the experiential value of the identified 
accessibility problems, more research with visually impaired individuals in real­
life situations is needed. 
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Purpose. The purpose of this study was to systematically assess wayfinding 
performance and experiences of visually impaired persons in Shared-Space 
areas. Shared Space is a concept related to the design and planning process of 
public spaces. Since the design of a Shared Space generally involves the 
minimization of conventional infrastructure and an emphasis on social 
interaction that relies on visual skills, there are serious concerns about its 
accessibility for people with a visual impairment. 
Method. In a comparative field study observations of the wayfinding 
performance of 25 visually impaired individuals was observed while they carried 
out standardized tasks in two Shared-Space locations and two conventionally 
designed settings. The tasks were followed by interviews regarding the 
participants' experiences. 
Results. The participants needed more time to complete routes in Shared-Space 
locations compared to the conventional locations and, the blind participants in 
particular, were less independent. The Shared-Space locations were evaluated 
more negatively than the conventional locations. The most salient problems 
encountered in Shared Space were related to orientation. 
Conclusions. The results clearly confirm how complex navigating a Shared Space 
is for visually impaired persons, albeit not to the same extent for all individuals 
and for all locations. 
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6. 1 Introduction 
For visually impaired persons, that is, those who are blind or have low vision, 
the nature of the travel environment can be an essential factor in determining 
whether they can travel safely and independently. There are several features of 
street design that facilitate accessibility for visually impaired persons and their 
ability to navigate through an area. For example, kerb edges, tactile warnings, 
and other tactile structures are important for these individuals to detect streets 
(i.e., those parts of the road used by vehicles) and intersections, to align 
themselves when crossing, and to maintain heading [1-4]. Furthermore, 
predictability of an environment is a relevant factor since people who are 
visually impaired must rely to a certain extent on their general knowledge of 
what to expect and what is common in an environment to establish and maintain 
orientation [5]. 
A recent development that particularly affects the layout of streets and 
public places in a way that can affect the independent mobility of visually 
impaired persons is Shared Space. Shared Space refers to a concept related to 
the planning, designing, and managing of public spaces [6]. Its intention is to 
create environments with a mix of slow and faster traffic that are meant not only 
for passing through, but also for being there. Although there are no fixed rules 
for the design of Shared-Space areas, the implementation of the concept 
generally leads to public spaces with a reduced, or a lack of, conventional 
infrastructure of kerbs, traffic lanes, and traffic signals. The particular layout 
aims to emphasize the "place" function of the environment, rather than the 
traffic function, and to make motorized traffic feel like guests. Importantly, it 
should stimulate all users to act responsibly: i.e. behave cautiously, display 
social behaviour, interact with fellow users, and reduce speed. The popularity of 
Shared Space continues to increase; in fact, it is currently being implemented in 
countries both in Europe and beyond [e.g., 7-10]. 
There are serious concerns, however, regarding the accessibility of Shared 
Space for people who are visually impaired. For example, the expected social 
behaviour in a Shared-Space environment depends mainly on visual skills, i.e., 
eye-contact and thus on (near) normal sight. Furthermore, the reduction in 
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environmental features and landmarks can affect the ability of individuals with 
visual impairments to orient in the environment and navigate to their goal. 
Finally, the less predictable environment and less-structured traffic flow may 
cause visually impaired persons to feel unsafe in a Shared-Space environment. 
These and other issues have been raised by several organizations representing 
the visually impaired [e.g., 11-13]. 
To date, only a few structured studies, particularly in the UK, have investigated 
the problems experienced by visually impaired persons in a Shared-Space 
environment. Two of these studies were set up by the Guide Dogs for the Blind 
Association (GDBA). In their first study, the GDBA reported the comments of 11 
visually impaired individuals who navigated part of the New Road in Brighton 
before and after the road was converted to a Shared-Space area. All of the 
participants found the situation worse after the change in terms of both 
orientation and safety [14]. In the second study, the association commissioned 
a telephone survey among 500 visually impaired individuals across the UK [15]. 
No less than 91 % of the respondents indicated that they were concerned about 
using "Shared Surface Streets" (a term used in the UK for Shared-Space streets 
emphasizing the absence of kerbs), although only 61 % had (some) experience 
with them. The British Department for Transport conducted a qualitative study 
with 20 visually impaired persons, collecting data by means of interviews during 
and after accompanied walks in both Shared-Space and control streets [16]. 
Most of the visually impaired respondents found it hard to determine their 
position in the Shared-Space street relative to other users, and preferred a 
clearly defined separation between pavement and street. The only structured 
study on Shared Space in the Netherlands comprised an inventory of the 
characteristics of ten Shared-Space locations, and the possible problems 
associated with them with regard to their accessibility for visually impaired 
persons as judged by a panel of O&M experts [17]. The results showed that 
none of the locations were free of potential problems for this user group. 
In summary, studies have reported the opinions and subjective experiences 
of various groups of visually impaired persons regarding different Shared-Space 
environments and the (possible) consequences that Shared Space may have for 
them. The results mainly concerned negative or disadvantageous aspects of a 
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Shared-Space design. The shortcomings of these studies, however, are the lack 
of standardization and scientific quality, and the lack of real-life experiences. 
There is a need, therefore, for structured research on the experiences of a 
representative group of visually impaired individuals in real-life environments, 
with the ultimate objective being to formulate evidence-based guidelines or 
recommendations for the accessibility of Shared Space for this group of users. 
The goal of the present study was to assess systematically the issues that are 
encountered in real life by visually impaired persons in Shared-Space situations 
and to compare them to those that arise in conventionally designed areas. The 
investigation comprised a standardized field study including observations of the 
independent wayfinding performance of 25 visually impaired individuals while 
carrying out standardized tasks in two Shared-Space locations and two 
conventionally designed locations, directly followed by interviews about their 
experiences. A within-subject design guaranteed reliable comparisons between 
performances and experiences at the different locations. 
For both the performance of the standardized mobility tasks and the experiences 
of the participants, the authors investigated: 
• whether there were differences between Shared-Space locations and 
conventional locations 
• which participant group had (relatively) the most difficulties in Shared­
Space locations compared to conventional locations 
• what were the main difficulties encountered by the participants in 
Shared-Space locations compared to conventional locations 
• whether the particular character of the location (more urban versus 
rural) played a role. 
6.2 Methods 
6.2.1 Participants 
Twenty-five visually impaired individuals (14 males; 11 females) participated in 
the study. Mean age was 51 years (range 19 - 69 years; median 58 years). 
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Fourteen participants were classified as blind (Snellen visual acuity < 0.05 or a 
visual field < 10° [18]), including eight with some light perception, and 11 were 
classified with low vision (moderate or severe visual impairment, various 
disorders, Snellen visual acuity < 0.33). Thirteen participants had a visual 
impairment with early onset. Of the 14 blind individuals, four used a guide dog 
in combination with a long cane; the other ten only used a long cane. In the low 
vision group, one participant used a guide dog and a long cane, five used a long 
cane, and five did not use any mobility aid. 
The visually impaired participants were recruited from a list of participants 
of previous studies conducted at the University Medical Center Groningen 
(Groningen, the Netherlands) [19,20] and/or were former clients of Royal Dutch 
Visio (Huizen, the Netherlands).  Individuals were included if they 1) had no 
additional impairments, 2) had sufficient independent mobility in daily life, and 
3) were not familiar with the test locations. Compliance with the inclusion 
criteria was assessed during a telephone interview. 
Participants were not informed of the intentions of the study, only that 
there was interest in their O&M abilities and their ability to access different 
places. The participants did not know that they were visiting Shared-Space 
locations. In fact, the term Shared Space was never mentioned before or during 
the study. 
Written-informed consent was obtained from all participants; and the 
Ethical Issues Board of the Department of Psychology (University of Groningen, 
Groningen, the Netherlands) approved the study protocol. The study was 
consistent with the principles outlined in the Declaration of Helsinki. 
6.2.2 Locations 
All participants visited two Shared-Space locations (Haren [HA] and Muntendam 
[MU], figures 1 and 2) and two more traditionally designed or "conventional" 
locations (Helpman [HE] and Zuidbroek [ZU], figures 3 and 4 ), all in the 
province of Groningen, the Netherlands. Although all four communities are 
small-scale villages or suburban areas, HA and HE can be considered more 
urban than MU and ZU because of their numerous shops, bars, terraces, and 
public activities, and because there is more traffic. HA and HE are located near 
one another on the same road and thus deal with approximately the same traffic 
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stream; the same applies to the "rural" MU and ZU. Before HA was transformed 
into a Shared-Space location in 2001, it was quite similar to HE: there were 
traffic lights and separate cyclist lanes between the street and the traditional 
pavement. MU and ZU also had a rather comparable streetscape before MU was 
transformed into a Shared-Space location in 2009. For information about the 
design and character of the test locations, the reader is referred to the Google 
street view option (coordinates are given in Appendix 1). 
Figure 3 
Figures 1 to 4. Test locations. 
Figure 1: Haren (HA). Shared Space. 
Figure 2: Muntendam (MU). Shared Space. 
Figure 3: Helpman (HE). Conventional. 





At each location, the participants were asked to complete six mobility 
assignments, i.e. 6 short routes had to be navigated. These assignments 
comprised three different routes that were walked in both directions. The mean 
length of the routes was 144 meters (ranging from 135 m to 162 m; SD 8.4 m). 
Each route contained one crossing, one or two turns, and a section where the 
participant had to walk along the road. The crossing was either at the start, in 
the middle, or at the end of the route. Existing zebra crossings (at all locations 
except MU) and a crossing with traffic lights with an audible pedestrian signal (in 
HE) were used as one of the crossings; however, each location also had at least 
one route that had a crossing without any cue. 
6.2.4 Mobility assignments 
After arriving at the test location, a general introduction was given in which the 
participants were asked to walk the routes as they normally would, not to chat 
with the test leaders while walking, and, if they needed help, to ask a passer-by 
for assistance. They were told that "during the assignments, we will observe 
how you behave in a random traffic situation". The participants were assured 
that they could not make any mistakes, that they were allowed to refuse an 
assignment, and that they could quit the experiment at any moment. They were 
also told that in case of a dangerous situation, the test leader would intervene. 
A specific assignment was given for each route. For example: "You are on 
your way to the florist. You can find the florist if you cross here. After crossing, 
turn right. Walk about 110 meters along the road until you reach the florist, 
which you will recognize by its display. That is the end-point of this route. 
Remember, there is no right or wrong in this assignment. You can start now." 
During the routes, the test leader walked closely behind the participant in 
order to intervene if necessary. This could be in case of possible danger or when 
the participant drifted away from the designated route and was unable to return 
on his/her own. The test leader also assisted if participant could not find the 
end-point or the crossing (when this occurred halfway en route). Interventions, 
however, were restricted to a minimum: the main purpose was to let the 
participant walk as naturally as possible, approaching the situation as if he or 
she were alone. For example, if a participant was walking in the middle of the 
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street, the test leader would not intervene unless there was approaching traffic 
nearby. 
6.2. 5 Observations 
The observer followed at more of a distance on the opposite side of the road, 
and filled in a separate observation form for each route. This form included a 
map upon which the exact route walked by the participant could be drawn. The 
observer noted the time needed for each part of the route (separately for 
walking along the road and for crossing). Interventions by the test leader were 
also noted on the observation form and marked at the corresponding spot on the 
map. After each of the six routes per location were walked, the number of 
motorized vehicles and cyclists that passed during a 1-minute period was 
counted. Other details were recorded; however, they are not included in this 
paper as they did not influence the present research questions. 
Wayfinding performance was characterized by the percentage of preferred 
walking speed (PPWS) and the percentage of routes without interventions per 
location. PPWS was calculated for those parts of the route where the participant 
walked alongside the road. Walking time was measured from the start of the 
route until the destination was reached; the waiting time before crossing the 
street and the time it took to cross the street were subtracted from the total 
walking time. The velocity resulting from the walking time divided by the length 
of the pre-planned route (minus the length of the crossing) was calculated and 
expressed as a percentage of the individual's preferred walking speed (PWS). 
Since some participants deviated from the pre-planned route (e.g., because they 
walked into a side street) and thus walked a longer distance, the PPWS was 
used as an indication of wayfinding efficiency. 
6.2. 6 Structured interview 
After each route, the participant's experiences of the route were assessed using 
a structured interview containing a variety of items: an open question about 
their appraisal of the routes, dichotomous (yes/no) questions, and questions to 
be scored on a given scale. Some questions were asked for walking along the 
road and for crossing separately. The participants also graded the enjoyability of 
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the crossings and of the complete routes, using the Dutch school grading system 
of 1 to 10, with 1 being "extremely bad" and 10 being "excellent". 
6.2. 7 Procedure 
The study was divided into two sessions: during one session the participants 
visited HA and HE (the,'�urban" locations) and during the other MU and ZU (the 
"rural" locations). The order in which the locations were visited was balanced 
between participants. The six mobility assignments took approximately 1 hour to 
complete at each location). There was always a break after the first set of 
assignments, before driving to the second location. 
To correct for individual differences in walking speed, PWS was measured 
for each participant prior to one of the sessions. This was measured twice on a 
path with a length of 24.15 meter that was obstacle-free, straight and supplied 
with tactile paving. The mean velocity over these two measurements was used 
as the individual's PWS (overall mean PWS was 1.29 m/s; SD 0.27 m/s). 
Participants used their regular mobility aids during both the PWS measurement 
and the mobility assignments. 
Each participant was accompanied by a test leader and an observer - four 
MSc students at the Department of Psychology or of Movement Sciences 
(University of Groningen), who were involved in the project as part of their 
thesis. Before the start of the project, the students received instruction and 
training with regard to orientation and mobility of people with a visual 
impairment at the Royal Dutch Visio, Centre of expertise for visually impaired 
and blind persons. Pilot studies were done with two visually impaired volunteers. 
6.3 Resu lts 
6.3.1 Missing data 
Of the 600 routes (25 participants x 4 locations x 6 routes per location) the data 
of 52 routes are missing. Forty-two of these 52 routes are missing because ten 
participants did not complete the last one, two, or three routes at a location. 
This was often due to fatigue or lack of time (which was related to their slow 
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performance on the previous routes), or to weather conditions. Data from ten 
routes are missing because three participants refused to cross at the indicated 
spot, e.g., because there was no zebra crossing. The missing routes are equally 
distributed over the four locations, and over the Shared-Space locations (26) 
and the conventional locations (26), but not over the participant groups (41 
routes were missed by the blind participants and 11 by the participants with low 
vision). In the case of missing routes, the means were calculated over the 
remaining routes, instead of over 6 routes per location. 
Table 1. Number of motor vehicles and cyclists passing per hour. 
Location Location Location Motor Cyclists 
name ti�e character vehicles 
Mean SD Mean SD 
Haren Shared Urban 465 . 5  110.1 330.8 119.5 
(HA) Space 
Helpman Conventional Urban 749 .0  169 .3  400 .64 175 .22 
(HE) 
Muntendam Shared Rural 433 .6  103 . 2  102.48 54. 1 1  
(MU)  Space 
Zuidbroek Conventional Rural 478 . 3  122 .5  70.08 42 .90 
zu 
6.3.2 Traffic density 
Helpman (HE) had the highest traffic density (see table 1). When averaged over 
the two Shared-Space locations and the two conventional locations, more motor 
vehicles passed per hour in the conventional locations (t = 7.22; p < 0.01). The 
number of cyclists, however, did not differ significantly. Separate averages over 
the two more urban locations and the two more rural locations showed higher 
densities of both motor vehicles and cyclists in the urban locations (t = 5.92 and 
12.61, respectively; p < 0.01). 
6.3.3 Measures of wayfinding performance 
PPWS and the percentage of routes without intervention were averaged per 
participant over the completed routes for each location and were subjected to 
repeated measures ANOVAs with the within-subject factors Location Type 
123 
CHAPTER 6 
(Shared Space versus conventional) and Location Character (urban versus 
rural), and the between-subject factor Visual Impairment (blind group versus 
low vision group). 
The PPWS was consistently lower at the Shared-Space locations (F(l,23) = 
79.64; p < 0.001) and was lower for the blind group than for the low vision 
group (F (1,23) = 44.07; p < 0.001) (see figure 5) There was also a main effect 
for Location Character, indicating a higher PPWS in the more urban locations 
with a higher traffic density than in the more rural quieter locations (F(l,23) = 
4.50; p < 0.05). No significant interactions were found (p > 0.05). 
For all participants, the PPWS was lower at Shared-Space locations than at 
conventional locations (see figure 6). Inspection of the sizes of the individual 
mean differences in PPWS between conventional and Shared-Space locations (in 
% of the highest score) showed that, although the largest differences were 
clearly found in the blind group, nearly half of the blind participants showed 
differences in the same range as the low vision group. In the low vision group, 
one guide-dog user and three of the four long-cane users showed the largest 
differences in PPWS between location types, while these differences were 
relatively small for those without a mobility aid. 
In the blind group, there were proportionally (with respect to the total 
number of completed routes per participant) fewer routes without interventions 
that in the low vision group (F(l,23) = 25.63; p = 0.01; see figure 7). The 
difference between the two groups in routes without interventions (%) was 
largest in the rural Shared-Space location Muntendam (interaction between 
Location Type, Location Character, and Visual Impairment: F(l,23) = 13.56; p < 
0.05). 
Of the participants who needed interventions, nearly all showed proportionally 
fewer routes without interventions at Shared-Space locations than at 
conventional locations (see figure 8). Among the 25% of participants with the 
largest differences between Shared-Space and conventional locations were only 
blind participants. Within this group the largest differences were found among 
the blind participants with a guide dog. 
In the low vision group, the proportion of routes without interventions was 
similar at all four locations. Only two participants in this group needed 
assistance at one or two routes per location, and mostly only a single 
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Figure 5. PPWS averaged over the number of completed routes per participant 
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intervention per route. The other nine participants with low vision walked all of 
the routes without interventions. None of the participants in the blind group 
walked all of the routes without interventions. When the blind participants 
needed assistance this occurred generally one to three times per route. In 
Muntendam, however, two of the blind participants needed 6 or 7 interventions 
on one route. 
6.3.4 Reasons for interventions 
The reasons why the test leader had to intervene could be grouped into 5 categories 
based on the route drawings and locations of interventions that were marked on the 
observation map: 1) participant walked on the middle of the street when there was 
approaching traffic; 2) participant walked into a side street; 3) participant drifted 
away from the intended route; 4) participant walked in the wrong direction after 
having crossed the street; and 5) participant wanted to cross at an unsafe moment 
(table 2). More than half of all interventions (67 out of in total 122 interventions over 
all participants and all locations) occurred in MU. This was mainly because 
participants were walking on the street (without being aware of this) when traffic was 
approaching, leading to a potentially dangerous situation (23 interventions) ,  or 
because participants walked into a side street, became disoriented, and were not able 
to return to the intended route without assistance (28 interventions).  
In HA, the other Shared-Space location, interventions in the blind group 
were made exclusively on the two routes that included a crossing that was 
similar to crossing a square, i.e. without any tactile guidance or marks in the 
paving. These were the only routes in HA where participants drifted onto the 
street or into a side street. In the conventional HE, the location with the highest 
traffic density, most interventions took place when a participant wanted to cross 
at an unsafe moment. No interventions were needed in the low vision group at 
this location. 
6.3.5 Interview data 
The first question that was asked after each route was an open question about 
the appraisal of the route. Concrete issues and difficulties that were 
spontaneously mentioned in response to this question were classified into 
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Table 2. Total number of interventions per location, sorted by reason for 
intervention. 
Reason for intervention Shared Conventional Total 
Space 
HA MU HE zu 
B/LV B/LV B/LV B/LV B/LV 
Walking on street 4 / 1  22 / 1 2 / 0  5 / 1 33 I 3 
Walking into side street 5 / 0  28 / 0 3 / 0 2 / 0  37 / 1 
Drifting away from intended 3 / 0 9 / 0  0 / 0  0 / 0  12 / 0 
route 
Wrong direction after crossing 4 / 2  5 / 0  0 / 0  3 / 0 12 / 2 
Wanting to cross at unsafe 6 / 1  1 / 1  11 /0 2 / 0  16 / 6 
moment 
Total 22/4 65/2 16/0 12/ 1  1 10/ 12  
Groups: B = Blind group; LV = Low vision group. Locations: H A  = Haren; MU = 
Muntendam; HE = Helpman; ZU = Zuidbroek. 
categories. The number of participants reporting an issue belonging to a 
particular category was then calculated per location. Issues that were mentioned 
by at least three different participants (summed per location type, i.e., Shared 
Space/conventional) were the lack of demarcation between street and pavement 
and the fact that both were at the same level (27 /2), obstacles (21/15), 
difficulty recognizing when a crossing started and ended (15/0),  difficulty 
detecting a side street (11/6),  unclear or lack of structure and overview (9/0),  
difficulty using or finding a guidance cue, (7 /2), orientation problems (7 /1),  
dangerous (5/2), problems with guide dog (4/0), distracting noise (4/0),  
unpleasant or difficult crossing (14/18), dangerous crossing (0/4), and unclear 
or irregular kerb edges (0/4). 
When asked whether they would have walked or crossed the street in the 
same way when walking alone, 75% of the participants answered "yes" at the 
Shared-Space locations and 86% at the conventional locations. When asked 
whether they would have walked or crossed the street the same way when 
walking a familiar route, 71 % of the participants answered "yes" at the Shared-
128 
ACCESSIBILITY OF SHARED SPACE: A FIELD STUDY 
Space locations and 84% at the conventional locations. Participants answering 
"no" to these questions reported that they would, for example, have chosen a 
different place to cross when walking alone, or that they would have been more 
relaxed and less concentrated when walking a familiar route. 
For the questions that were answered by giving a score on a rating scale, 
scores were averaged over the six routes per condition and then subjected to a 
repeated-measures ANOVA with the within-subject factors Location Type and 
Location Character, and the between-subject factor Visual Impairment. Results 
are presented in table 3a and 3b and the significant effects are discussed below. 
The responses to the questions regarding the experienced levels of anxiety 
and safety showed substantial correlations at all locations (Pearson's r ranging 
from -0.62 to -0.86, p values :::;; 0.001). Therefore, they were averaged into a 
combined variable expressing the level of "Safety comfort" experienced (1 
expressing a low level of Safety comfort [feeling very unsafe and very anxious] 
and 5 expressing a high level of Safety comfort [feeling very safe and not at all 
anxious]). 
The blind group gave significantly lower ratings than the low vision group 
for all questions except the one about concentration level. Significant effects of 
Location Type, favouring the conventional locations above the Shared-Space 
locations, were found for all of the questions concerning the required level of 
concentration, the ease of finding the way, the level of Safety comfort, 
enjoyability of the routes, and the level of independence that was estimated 
after completing all routes at a location. For the Safety comfort level, the ease of 
finding the way and enjoyability while crossing the street, it was found that the 
blind participants in particular rated the Shared-Space locations lower than the 
conventional locations (interaction between Location Type and Visual 
Impairment). 
The individual mean scores for the Safety comfort ratings were in the upper 
half of the 5-point scale for all but one participant. The mean grade that the 
blind participants gave to both Shared-Space locations (HA and MU) was :::;; 5.5, 
which means insufficient or failing. The mean grades that were given by all 
participants for all crossings (three crossings per location) in MU and HA were 
also lower than S.S. The highest grades were given for the crossing in Helpman 
that had traffic lights with audible signals (mean 7. 7). 
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The only effect that was found for Location Character was that the blind 
participants reported a higher level of concentration when crossing the street at 
the more urban locations, while the low-vision participants generally needed a 
higher level of concentration in the more rural locations (interaction Location 
Character and Visual Impairment). 
After completing all of the routes at one location, the participants were 
asked whether they thought they "could learn to walk a route at this location, 
feeling comfortable and secure". In the conventional locations, 92% of the blind 
group and 92% of the low vision group answered "yes". In the Shared-Space 
locations, 92% of the low-vision participants answered "yes" compared to 77% 
and 46% of the blind participants in Haren and Muntendam, respectively. 
Table 3a. Results from interviews: Mean scores. 
Blind group Low vision group 
Location: HA HE MU zu HA HE MU zu 
Location type: s C s C s C s C 
For crossing the street: 
1 Level of concentration M 3.7 3.5 3.5 3.1 4.0 4.0 4.3 4.0 
needed SD 0.9 1.1 1.3 1.1 0.7 0.7 0.8 1.0 
2 Ease of finding the M 3.1 4.0 2.9 4.1 4.3 4.6 4.1 4.5 
way SD 0.6 0.8 1.3 0.7 1.0 0.5 1.2 0.7 
3 Safety comfort M 3.8 4.0 3.7 4.2 4.3 4.3 4.1 4.2 
SD 0.9 0.9 1.1 0.8 0.6 0.5 0.9 0. 7 
4 Grade for enjoyability M 5.2 6.7 4.8 6.7 6.1 7.0 6.1 6.8 
of the crossing SD 1.8 1.2 2.3 1.6 1.2 0.8 1.5 1.1 
For walking along the road: 
5 Level of concentration M 3.4 3.0 3.7 3.1 3.4 3.2 3.8 3.4 
needed SD 1.0 1.1 1.2 1.1 1.4 1.3 1.2 1.4 
6 Ease of finding the M 3.3 4.1 2.9 3.8 4.2 4.6 3.9 4.6 
way SD 0.8 0. 7 1.3 0.9 1.0 0.7 1.0 0.5 
7 Safety comfort M 4.1 4.4 3.9 4.3 4.7 4.8 4.4 4.8 
SD 0.7 0. 6 1.1 0.8 0.4 0.2 0.6 0. 4 
8 Grade for enjoyability M 5.5 6.8 5.0 6.3 6.8 7.3 6.3 7.5 
of the route SD 1.5 1.2 2.0 1.9 1.3 0. 7 1.5 0.9 
9 Independence: "to M 2.9 3.6 2.6 3.8 4.2 4.6 3.8 4.3 
what extent do you SD 0. 7 0.8 1.5 0. 7 0.8 0.5 1.2 0.8 
think you can manage 
at this location?" 
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Table 3b. Results from interviews: Effects. 
Effects (F( l,23) ) 
LT VI LTxVI LCxVI 
For crossing the street: 
1 Level of concentration 7.63 n.s. n.s. 6.02 
needed * * 
2 Ease of finding the 28.85 9.85 6.03 n.s. 
way * * *  * *  * 
3 Safety comfort 10.28 n.s. 6.18 n.s. 
**  * 
4 Grade for enjoyability 38.61 n.s. 5.50 n.s. 
of the crossing ***  * 
For walking along the road: 
5 Level of concentration 24.36 n.s. n.s. n.s. 
needed ***  
6 Ease of finding the 35.74 7.93 n.s. n.s. 
way ***  * 
7 Safety comfort 12.10 4.58 n.s. n.s. 
* * 
8 Grade for enjoyability 33.09 4.58 n.s. n.s. 
of the route ***  * 
9 Independence: "to 27.06 12.36 n.s. n.s. 
what extent do you *** **  
think you can manage 
at this location?" 
Note: M = mean; SD = standard deviation; n.s. = not significant. Location Type 
: S = Shared Space; C = Conventional. LT = Location Type; LC = Location 
Character; VI = Visual impairment. ***p < 0.001; **p < 0.01; *p < 0.05 .. 
Question 1-8: scores are averaged over the six routes per location. Question 8: 
only one score was given per location. Questions 1-3,5-7: scores are rated on a 
scale of 1 to 5, where 1 indicates a very low level and 5 indicates a very high 
level of concentration / ease / safety comfort / independence. Questions 3 and 
7: Safety comfort indicates the level of experienced safety and fearlessness. 
Questions 4 and 8: scores are rated on a scale (Dutch school grading system) 
ranging of 1 to 10, where 10 indicates 'excellent' and < 6 indicates 'insufficient' 
or 'failing'. 
6.4 Discussion 
The goal of this study was to investigate, in a real-life situation, if and how a 
Shared-Space design influences the mobility performance and experiences of 
visually impaired persons. Based on the available literature, it was expected that 
visually impaired persons encounter more difficulties and feel less safe in 
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Shared-Space areas than in conventionally designed situations. Our within­
subject design with 25 participants performing standardized tasks in both 
Shared-Space locations and conventionally designed areas allowed us to study 
this question in a structured way. Since all of the mobility assignments took 
place in areas that were unfamiliar to the participants, who were not informed 
about the presence or the existence of a Shared-Space design, it was not 
evident beforehand whether or not significant differences between location types 
would become apparent. Our results, however, clearly confirm that people with a 
visual impairment have difficulty moving independently through Shared-Space 
locations, albeit not to the same extent for all individuals or for all locations. 
6.4.1 Differences between Shared-Space and conventional locations 
When controlled for their individual PWS and compared to their performance in 
conventional locations, each individual participant needed more time to complete 
the test routes in the Shared-Space areas. This indicates a lower level of walking 
efficiency for visually impaired persons in Shared-Space areas than in 
conventionally designed areas. The results also showed that independence, 
expressed as the proportion of the routes that was completed without 
interventions, was lower in the Shared-Space locations. This was, however, only 
the case for the blind participant group and only in one of the two Shared-Space 
locations studied. Also, based on the subjective experience of the visually 
impaired participants, the Shared-Space locations were evaluated more 
negatively than the conventional sites. 
6.4.2 Differences between participants 
The results showed that the group of blind participants, in particular those using 
a guide dog, encountered more difficulties in Shared-Space areas than 
participants with low vision. All of the blind participants needed assistance from 
the test leaders during the mobility tasks, some more frequently than others, 
and mainly in the Shared-Space of Muntendam. The participants with low vision, 
however, were able to navigate successfully and independently in both the 
Shared-Space locations and the conventional areas: nearly all of them (9 out of 
11) were able to complete all of the routes without any assistance. Although the 
number of guide-dog users in this study was too low (n = 5) to conduct 
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statistical analyses, the results suggest that this group in particular encountered 
difficulties in the Shared-Space design. From our observations in the Shared­
Space locations (in particular in Muntendam), we got the impression that, in the 
absence of the regular cues (guide dogs are trained to use kerbs), both the dogs 
and their owners became confused. The dogs veered over the street and their 
owners were unable to correct them, because they could not detect where they 
were walking. 
6.4.3 Main difficulties encountered in Shared Space 
The five categories of problems that were mentioned most in reaction to the 
open questions at the end of each route were 1) a lack of demarcation between 
the pavement and the street; 2) difficulty recognizing side streets; 3) difficulty 
recognizing when a crossing started and ended; 4) presence of obstacles; and 5) 
difficult or unpleasant crossing. The first three problems were noted only or 
mainly for the Shared-Space locations, while the last two were mentioned 
comparably often for both location types. Problems 1) and 2) were confirmed by 
the results of the performance measures: the main reasons why the test leader 
had to intervene were because the participant was walking on the street 
(without knowing it) when there was approaching traffic, and because 
participants drifted into a side street and were unable to find their way back to 
the intended route. Both of these problems and also problem 3) point to 
difficulties with orientation: i.e., difficulties determining one's place on the road, 
to maintain heading, and detecting side streets. 
6. 4. 4 Differences between rural and more urban locations 
PPWS was found to be significantly higher at the more urban locations with a 
higher traffic density (Haren and Helpman). A possible explanation for this effect 
is the orientation information that is provided by the traffic sounds. On the other 
hand, this advantage does not apply for the silent cyclists, who were also more 
numerous at the more urban locations and would be expected to be more 
disturbing. 
With regard to the experiences of the participants, the only effect of the 
factor Location Character (rural vs more urban) was the interaction between 
impairment (blind vs low vision) and the level of concentration required when 
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crossing. The blind participants reported a higher level of concentration at the 
more urban locations, whereas the low-vision participants generally needed to 
concentrate more in the rural locations. We have no (speculative) explanation 
for this interaction. 
6.4. 5 Characteristics of the location where most problems were encountered 
By far, most of the interventions took place in the more rural Shared-Space 
location of Muntendam, while the Shared-Space area in Haren turned out to be 
less complicated to navigate independently. It was therefore of interest to 
compare the particular characteristics of these Shared-Space locations. In both 
Haren and Muntendam, the road was totally level-surfaced, i.e. , there were no 
kerbs or slopes and all surfaces were at the same level. Compared to Haren, 
however, the character of the Shared Space in Muntendam can be described as 
rather "bare": only at some spots was there a (low-contrast) visual demarcation 
between the "pedestrian area" and the street. This demarcation was not easily 
perceivable by a long-cane user nor could it be used by a guide dog as a 
substitute for a kerb edge. A large part of the Shared-Space area in Haren was 
more "dressed up" and had small fences placed between the asphalted street 
and the pedestrian area (red bricks). There was also an iron gutter flush 
between these two surfaces and a zebra crossing connecting the pedestrian 
areas on both sides. Officially, cyclists were supposed to ride on the asphalted 
street. Furthermore, the road in Haren was narrower than that in Muntendam 
and the building lines were more regular (i.e., not interrupted by gardens or 
driveways), irrespective of the obstacles placed next to them. The width of the 
road and regularity of the building line may be relevant for the usability of 
echolocation (use of echoes as cues for orientation). 
In summary, Haren generally offers more structure to the pedestrians. The 
specific part of the Shared-Space area in Haren where interventions were 
needed was similar to Muntendam : a square-like part of the road, without any 
differences in paving or other demarcation between the street and the 
pedestrian area. This confirms the impression that it is the lack of detectable 
structure and the open space of the area that caused problems with orientation 
and navigation. 
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6. 4. 6 Subjective safety 
The subjective safety, as experienced by the participants during the mobility 
tasks, was higher than expected. In reaction to the open question, few 
participants mentioned that they felt unsafe. Even though the conventional 
locations were rated higher than the Shared-Space locations, the Safety comfort 
scores at both location types were at the high end of the scale, indicating that 
participants did not feel very anxious or unsafe at any of the locations. This 
finding may have been influenced by the presence of the test leader who 
intervened in cases of potential danger, possibly causing an overrating of 
subjective safety. The majority (over 70%) of the participants, however, 
reported that they would have walked or crossed the street in the same way 
when walking alone. 
6.4. 7 Objective safety 
Objective safety was not assessed in this study: in potentially dangerous 
situations where a participant was walking on the street when there was 
approaching traffic, the test leader obviously had to intervene. It is important to 
note that in these situations the blind participants were not aware that they 
were walking on the street. Without detectable tactile demarcation between the 
pavement and the street, blind pedestrians unlike normally sighted pedestrians 
cannot make a voluntary decision to leave the pavement and walk on the street. 
The Shared-Space design can therefore lead to the undesirable situation of blind 
pedestrians walking in the middle of the street without knowing it and possibly 
without being able to react adequately to approaching vehicles. There are not 
yet sufficient accident and incident data available from the communities in 
question to reach a conclusion about general objective safety. 
6.4. 8 Limitations and recommendations for future studies 
Although most individuals with a visual impairment do not regularly walk 
unfamiliar routes without assistance, all of the locations in this study were new 
to the participants. This method was chosen because finding routes with which 
all participants were comparably familiar is practically impossible. A within­




An interesting follow-up study would be to train visually impaired individuals to 
walk routes in Shared-Space locations. One could expect that performance 
would increase with training, and that especially the blind participants would 
need more training sessions than those with low vision. However, finding 
participants who are (equally) motivated to practice walking routes at locations 
where they usually do not have to be would be difficult. It seems, therefore, 
more practical to register the experiences and training progress of regular O&M 
clients in Shared-Space environments, and, where possible, try to create a 
within-subject comparison by having them also train in a conventional area. 
Another advantage of this suggested approach is that data could be gathered 
from more Shared-Space locations. 
Now that the main problems that visually impaired persons can encounter 
in Shared Spaces have been identified, the next step is to formulate clear 
guidelines on how to prevent these issues from occurring in newly designed 
Shared Spaces (and how to improve existing Shared-Space schemes). These 
measures should focus on both specific design characteristics and the policy of 
implementing Shared Spaces. Also O&M instructors and guide-dog trainers 
should be aware of the problems associated with Shared Space and think about 
how they can adjust their training to the specific circumstances. 
6.5 Conclusion 
This study has shown that navigating in an unfamiliar Shared-Space area is 
more complicated for people with a visual impairment than navigating in an 
unfamiliar, conventionally designed area. This is especially true for those who 
are blind and for those using a guide dog. Orientation, and not subjective safety, 
seems to be the main problem for visually impaired individuals in Shared-Space 
areas. Other important findings are that not all Shared-Space locations are 
equally difficult to navigate independently and that there were also participants 
who managed well at both location types. In other words, Shared-Space 
locations are not per se inaccessible to people who are visually impaired; 
however, there is a need to improve the Shared-Space design for a better 
accessibility for this group. 
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Appendix 1 .  GPS coordinates of test locations 
Use Google Street View to see the test locations. The following coordinates can 
be entered into the search bar. 
Haren: Rijksstraatweg: 53.172399,6.604435 to 53.171177,6.60568. 
Helpman: Verlengde Hereweg: 53.197999,6.580017 to 53.196804,6.580907. 
Muntendam: Kerkstraat: 53.135003,6.871111 to 53.134372,6.872715. 
Zuidbroek: Kerkstraat: 53.162542,6.86277 to 53.163745,6.862641. 
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7.1 GIRIS and the verbal output delivered by ETAs 
7.1.1 Main findings about verbal output delivered by ETA 
The aim of the experiments with GIRIS, described in Chapters 2 and 3, was to 
gain insight into the most effective ways to provide verbal spatial information to 
visually impaired travellers by means of an ETA. We studied how different types 
of verbal information influenced the wayfinding performance and the cognitive 
map acquisition of participants with a visual impairment, as well as what types 
of information these participants preferred to receive. 
Route information: piecemeal delivery en route or complete description at start? 
One thing we compared was the bit-by-bit delivery of route information by 
GIRIS while walking the route versus a complete route description given at the 
start of the route. We found that, although nearly all of the participants 
preferred the route information as delivered by GIRIS, only the participants with 
low vision showed more efficient wayfinding performance when using GIRIS (i.e. 
they displayed a higher percentage of preferred walking speed [PPWS]). The 
less efficient wayfinding performance (lower PPWS) of the blind group under the 
conditions utilising GIRIS gave rise to the suggestion that the instructions given 
by GIRIS may have lacked sufficient detail for this group to link the information 
to the place where they were walking and to their actions. 
Both participant groups displayed more independent wayfinding (i.e. there 
were less routes where they needed interventions from the test leader) when 
they received a complete route description at the start of the route. This does 
not mean, however, that a simple route description as given by a desk employee 
is in general a proper solution to increase independent wayfinding of visually 
impaired people. With routes that are more complex and longer than the ones 
used in this study, the description will become too long to remember and 
visually impaired people may not manage to find their destination without any 
additional assistance. 
Although nearly all of the participants also managed to find their destination 
with GIRIS without any interventions on some of the routes, for GIRIS to be an 
effective wayfinding tool, its users need to be independent of any assistance at 
all. Since the number of routes without interventions increased over the three 
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sessions, it can be expected that the interventions will not be needed after the 
users have become more familiarized with the system. On the other hand, the 
simple fact that any interventions were needed when GIRIS was being used can 
be explained as a shortcoming of the system. Suggestions for improvement are 
discussed in section 7 .1.2. 
After having received a complete route description at the start, both 
participant groups also showed a better cognitive mapping performance on some 
tests than after using GIRIS, which may have facilitated their more independent 
wayfinding in these conditions. The observed advantage of a complete route 
description for developing a cognitive map raises the question whether, if it were 
only for the purpose of acquiring accurate cognitive maps, visually impaired 
people would be better off without using GIRIS. On the other hand, as was 
suggested by Ungar [1] and also mentioned in Chapter 1, ETAs might indeed 
reduce the need for a cognitive map. 
Ishikawa, Fujiwara, Imai & Okabe [2] also found that normally sighted 
pedestrians using GPS acquired less accurate knowledge about routes than 
pedestrians who either used route maps or learned routes from direct 
experience. Similar findings are reported for car drivers using navigational 
assistance. When the car driver does not need to make spatial decisions en 
route, but simply follows the verbal guidance instruction, this leads to impaired 
environmental knowledge [3]. These findings all suggest a trade-off between 
independency and ease of travel on the one hand, and the acquisition of 
accurate and detailed spatial knowledge on the other hand. 
With regard to the development of ETAs, we recommend to include the 
option of providing a complete route description before starting the route, in 
addition to the en route guidance instructions. Even though there is no explicit 
need to remember the route description when using the ETA en route, we 
speculate that receiving an overview of the route as such may still be helpful to 
gain a representation of the route. Since we did not study the combination of a 
route description at the start plus the use of GIRIS route information en route, 
we can not be conclusive about this. However, for normally sighted participants 
it was found that they displayed better route memory as well as superior 
navigational behaviour when a full route description was preceded by a 
summary that functioned as an "advanced organizer" [ 4]. This finding is in line 
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with our expected advantage of providing a route summary prior to the use of 
and ETA on route for facilitating route memory and navigation. 
Benefit of additional information about the environment? 
Another main research question concerned the effect on the participants' 
wayfinding performance of information about the environment that was added to 
either the GIRIS route information or to the route description at the start of the 
route. It was expected from the literature that the landmark information would 
facilitate wayfinding and better acquisition of cognitive maps of the routes [e.g. 
4,5]. We found that receiving additional environmental information was 
appreciated by the users the most. However, the landmark information did not 
lead to either superior or inferior wayfinding performance or cognitive maps 
compared to receiving route information. 
In the discussion sections of Chapters 3 and 4, two suggestions for the lack 
of effect of environmental information were given. Firstly, the combination of 
route information and landmark information may have been too much 
information to process simultaneously [see also 6], even after becoming more 
familiarized with GIRIS and the test routes after three sessions. Moreover, it was 
suggested that the lack of effect may be caused by the relatively low number 
and significance of the given landmarks for wayfinding. The landmarks that were 
added as the environmental information to be provided by GIRIS were those 
that were available along the routes within the hospital. They were not 
deliberately chosen because of their relevance to the route or for their position 
in relation to turns on the route, nor were they equally distributed across the 
routes with respect to their relevance and position in relation to turns on the 
route. This was a drawback of carrying out a study in a real-life setting. 
It is important to mention as well that explicit knowledge of the landmarks 
was not assessed in the cognitive mapping tasks. We did not ask to point at 
landmarks in the pointing task or to include landmarks in the modelling tasks, 
since the tasks were kept similar for all conditions, including those without 
landmark information. Even though landmark information might also contribute 
to the formation of a mental representation by linking different elements and 
functioning as reference nodes, the tasks might not have been optimal to find 
effects of additional landmark information. 
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Another note with regard to the cognitive mapping tasks is that results of 
such measurements need to be used and interpreted cautiously [7]. A cognitive 
map is a complex and abstract phenomenon that is not easy to measure in a 
reliable and transparent way. As recommended by Kitchin and Jacobson [7], we 
administered multiple tasks to be able to form a more complete picture of the 
acquired configurational knowledge and improve the utility and validity of the 
measurements. The tasks were chosen on the basis of ease of administration 
and practical feasibility within the constraints imposed by the setting and the 
available time. They measured accuracy of the participants' mental 
representations of directions, distances and spatial configurations. They did not 
assess, however, how well the acquired knowledge could be used in interaction 
with the environment. The restricted number of possible routes in the hospital 
and the experimental set-up did not allow more ecologically valid tasks, such as 
making a shortcut or returning to landmarks, to be included. 
7.1.2 Recommendations for verbal output of ETAs 
In the discussion section of Chapter 2 suggestions for improvements of GIRIS 
are given. In general, the studies with GIRIS have contributed to the knowledge 
about how verbal output of ETAs can be adjusted to the needs of the visually 
impaired user. Results emphasized the value of giving a route summary at the 
start of a route. Poorer wayfinding performance of the blind participants was 
related to their need for more detailed information. Information about landmarks 
was not found to enhance, nor to ameliorate, wayfinding or cognitive mapping 
performance, but was preferred by the users. Based on these findings, we 
recommend that ETAs should offer the possibility to choose between different 
output options, varying both in detail and in the type of information that is 
given. This includes the options to receive more detailed instructions and to 
receive information about landmarks, as well as the option to receive a complete 
description of the route or the possibility to explore the route in advance. 
7.1. 3 Directions for further study 
The results are not conclusive and more research is needed to optimize the 
output of currently available ETAs and those that will be developed in the future. 
There is still a need to gain more insight into how and when landmark 
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information should be delivered in order to enhance wayfinding and cognitive 
mapping performance. It was suggested that for this purpose it might be 
necessary to present more and more relevant landmarks with respect to actions 
en route._Longer-term use (that is, more than three sessions) of ETAs could be 
studied to find out whether habituation reduces the suggested information 
overload caused by the environmental information, and also to gain insight into 
the preferences of participants as they become more familiar with using the 
system. 
Another direction for further research could be to investigate how to 
improve the content of the route instructions with respect to the specific needs 
of users without any useful remaining vision. Furthermore, the specific 
information needs of guide dog users should also be studied more closely. The 
guide dog users in this study reported difficulties with following the instructions 
and missed beacons. Another promising direction of study is the combination of 
tactile and verbal output. More research into the needs of specific subgroups of 
users, and also into their changing needs depending on circumstances and goal 
of travel can provide information about what other output options need to be 
included. The outcomes of such studies can be used to provide users with many 
options and the flexibility to choose their preferred output style with regard to 
their individual needs and situational preferences [8]. 
7.1. 4 Functioning and future of GIRIS 
The studies with GIRIS have shown that the system functioned well enough to 
guide the participants to their destination within the hospital and to facilitate 
studying the research questions with respect to the verbal output delivered by 
the system. However, the fact that users needed assistance from the test leader 
because they drifted away from the route and got out of range of any of the 
beacons, indicates that the system was not ready for independent use. To avoid 
missing beacons, route instructions need to indicate as clearly as possible how 
to proceed to the next beacon. However, in some complex situations, usually in 
mostly open areas, this was not possible without very long and elaborate 
messages that were difficult to understand. In these situations, tactile guidance 
path surfaces could offer a solution to facilitate finding the beacons [see also 9]. 
Another solution could be to install more beacons. However, when beacons are 
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put too close together, overlapping signals will lead to other - technical -
problems. Finally, the system could be programmed to alarm the user that he is 
drifting off-route, as was also suggested by one of the participants. 
Independent use also requires an accessible user interface. In the studies 
described in Chapters 2 and 3, the test leader entered the destination and 
output modes into the GIRIS receiver, because pilot studies revealed that the 
present interface was too complicated to be operated by the participants 
themselves. Together with students from the Hanze University of Applied 
Sciences, Groningen, the Netherlands, we have studied how the interface could 
be improved. User tests were carried out to evaluate three prototype interfaces 
[10], leading to several suggestions for improvement. Implementing a new 
interface according to these recommendations would, however, also involve 
other software changes. Due to a lack of resources and changing priorities, this 
step has not yet been taken. For this reason, and also because we could not 
guarantee 100% reliability of the system, GIRIS is currently not in use. 
For the future it is to be expected that indoor systems such as GIRIS can be 
integrated into available devices for outdoor ETAs, facilitating a smooth and 
automatic transition from the one system to the other when entering or leaving 
the building. The reliability of the devices and their ease of use will probably 
increase [11]. As the current development in ETAs predicts, travel information 
will in the future be provided by applications to be used on generally available 
smart phones, which are more integrated in day-to-day life, cheaper, and 
therefore available to a larger group of users. 
7.2 A protocol for the supply of ETAs 
7.2.1 Main findings from the evaluation of the protocol 
The study described in Chapter 4 was commissioned by the Dutch Health Care 
Insurance Board (College voor Zorgverzekeringen, CVZ). The aim was to design 
and evaluate a two-phase protocol to assess how beneficial and effective a 
particular electronic travel aid is for an individual with a visual impairment. The 
protocol was evaluated by twenty participants who were trained in the use of 
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one particular ETA, namely the Trekker, for a period of 6 weeks. The study 
resulted in some tools and suggestions for evaluating the performance with ETAs 
and its benefits for the individual user. 
Phase 1 of this protocol, the Identification Phase, involved a list of criteria 
to identify those persons who might benefit from the use of an ETA. Not all of 
the criteria could be systematically evaluated in the study. However, to provide 
more insight into the necessity of the two most debatable criteria, we included 
some participants who did not fulfill one of these two criteria. The results 
provided evidence that applicants who do not frequently use a computer should 
also be given the opportunity to train with the ETA in order to explore and show 
whether they are sufficiently able to master the device. However, with respect to 
the m obility skills of the applicants, we decided that this should indeed be 
seriously taken into account as a criterion. Although we were not able to give a 
strict, objective measure for the level of independent mobility, we found that for 
someone without the basic skills and fitness to independently walk a 
considerable distance, the benefit of the ETA could not properly be assessed. 
When an applicant fulfills the Identification criteria to a sufficient extent, he 
or she can enter Phase 2, the Intervention Phase. This phase involved a six­
week training and habituation period, including structured training in the use of 
the device, repeated tests to assess the applicants' ability to operate and use 
the device and a before-and-after assessment of the experienced mobility 
problems. Even though the design did not include a control group that did not 
receive any training in addition to the standard instruction from the supplier, our 
findings strongly suggest that the training sessions were relevant. Most 
participants needed three training sessions to master the basic functions of the 
device, and they appreciated the training sessions. We therefore recommend 
providing at least three individual training sessions (in addition to the standard 
instruction from the supplier) before deciding whether the applicant sufficiently 
masters the use of the device to benefit from it. Based on the participants' 
scores on the performance assessments, we suggested criteria to determine 
whether one sufficiently masters the independent use of the ETA. Finally, the 
before-and-after assessment of mobility problems can be used as a tool to judge 




Participants with a broad range of visual impairments were included in this 
study to evaluate the proposed protocol. However, differences in performance 
and success between the bl ind and the low vision group were not part of this 
study. The results were not related to the degree of visual impairment because 
the decision whether ETAs can be beneficial for individual users should not be 
based on the level of remaining vision, but rather on their activities and needs in 
daily life. For a similar reason PPWS was not included as a criterion variable  for 
determining sufficiently independent use of the device, even though it is an 
important measure of mobility performance, and was also used in the studies on 
wayfinding with GIRIS and in Shared Space. If the ETA can increase the level of 
independency and the frequency of travelling and thereby offer a good solution 
to the experienced mobility problems of a visually impaired individual, the 
walking speed of this individual should not be attributed a decisive role. 
7.2.2 Advice and follow-up 
Despite some shortcomings of the Trekker (e.g. poor resolution and difficulty to 
operate the interface) the majority of the participants was enthusiastic about the 
device. However, only four of the thirteen users for whom the benefit of the 
device had been confirmed in this study have decided to buy a Trekker. For 
many of those who decided not to purchase it, the high price of the device was a 
threshold. Our advice to the CVZ was therefore to include the Trekker in the 
reimbursement package, but to cover the purchase only for those applicants that 
have shown to be sufficiently capable of operating the devices and to benefit 
from it with regard to their O&M problems. A procedure containing the main 
elements as described in the protocol should therefore be implemented in the 
rehabilitation centers. Putting the protocol into practice and carrying it out is, 
however, a time intensive and costly trajectory. Because of the time and 
expenses that are involved it is sensible to also consider whether and how the 
protocol could be shortened or whether it is possible to g ive a go/no-go advice 
at an earlier stage. This could be a topic for future studies. 
Our advice to ensure covering of the Trekker by the insurance companies 
was not followed, since the evidence for the effectiveness of the Trekker was 
considered insufficient. In the meantime the Trekker is no longer commercial ly 
available on the Dutch market. The current situation in the Netherlands is that 
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devices that assist with navigational problems can become eligible for 
reimbursement when it is proven that they are effective in dealing with these 
problems. This requires more studies about the effectiveness of ETAs for 
individual users or applicants, studies which to date are still sparse [12]. 
7.2.3 Implementation of a protocol for the prescription of ETAs 
With a ZonMW Inzicht grant for implementation, an adapted version of the 
protocol is currently being implemented at the two rehabilitation institutes for 
visually impaired people in the Netherlands, Royal Dutch Visio and Bartimeus. 
This is being done in combination with the implementation of the protocol on the 
selection of the appropriate ETA developed by Roentgen, Gelderblom and 
colleagues [13]. This combined implementation project involves: 1) an advice 
protocol, 2) a protocol for training and evaluating the use of ETAs and 3) the 
education of personnel to conduct the advice, training and evaluation 
procedures. The implementation focuses on the ETAs that are currently available 
in the Netherlands (Trekker Breeze [www. humanware.com], Navigon [available 
on the iPhone, http://www.apple.com/iphone] and Kapten [www.kapsys.com]),  
but the procedures are designed to be easily adjustable to include new ETAs. 
With a group of experts (researchers, policymakers, O&M specialists, 
occupational therapists, and user representatives),  the two protocols have been 
elaborated and adjusted to fit within the current practice at the rehabilitation 
centres and with the currently available ETAs. The protocol for training and 
evaluation contains most of the elements described in the protocol that was 
evaluated with the Trekker: within a nine-week training and habituation period, 
a maximum of seven training sessions are given (depending on the goals of the 
user and their progress), two performance assessments are scheduled, and 
questionnaires are used to assess the O&M activities, skills and experienced 
problems. For the purpose of evaluation of the suitability of the ETAs and the 
procedures used, and also to collect evidence for insurance companies about the 
effectiveness of the devices, data will be gathered on the amount of training 
required, and about satisfaction with and experienced benefits of the ETAs. 
Currently the first training sessions to educate the trainers have started. 
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7. 3 Shared Space: challenging accessibility for visually 
impaired people 
7.3.1 Inventory of characteristics and "possible" accessibility problems 
In general terms, it is the tendency towards a mix of traffic modalities, the 
reduced emphasis on the traffic function of the environment, and a streetscape 
that intends to stimulate social behaviour of the users, that makes an 
environment a Shared-Space area. Another essential element of the Shared­
Space concept is the involvement of the public in the stages of planning, 
designing and decision-making. Neither the behaviour of the road users nor the 
involvement of the public in the planning process were part of the inventory 
study described in Chapter 5, which merely focused on the general physical and 
visual characteristics of the environment that might be of importance to visually 
impaired pedestrians. In this inventory no comparison was made with 
conventionally designed environments. The study was meant to give an 
overview of the general characteristics of Shared Spaces in the Netherlands and 
of the associated consequences and accessibility-related issues for visually 
impaired users of these environments. 
With regard to the general characteristics of the Shared-Space locations 
selected for this study, we identified some common elements, including the 
absence of traffic lights and kerbs and lack of a clearly defined separation 
between vehicles and pedestrians. However, the diversity in possible realisations 
of the concept was the most notable finding. The results confirm that it is not 
possible to give a uniform definition of the general appearance of Shared Space. 
Based on the judgements of an expert group and on the observed frequency of 
the characteristics, we identified some important accessibility problems for 
visually impaired persons that can result from the implementation of Shared­
Space design as represented by the ten selected locations in the Netherlands. 
These accessibility problems are listed and discussed in Chapter 5. Assessment 
of compatibility with existing accessibility guidelines showed that none of the 
locations met all of the guidelines that are relevant to visually impaired users. 
The finding that there is no typical and clearly identifiable Shared-Space 
streetscape raises the question whether the Shared-Space environments are 
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sufficiently recognizable, as such, to impose the appropriate and intended 
behaviour of all road users. More scientific research on the actual traffic 
behaviour of drivers and cyclists in Shared-Space situations is needed to answer 
this question. With regard to visually impaired users, the results of the inventory 
indicated that the Shared-Space environments lacked sufficient basic guidance 
and structure to sense how to navigate the area and to anticipate where they 
should walk or cross. The challenge for Shared-Space designers is to create 
environments that maintain their own character and uniqueness, but at the 
same time offer sufficient recognizable elements for all road users, including 
those that are visually impaired, to immediately understand what behaviour is 
required from them and how the area should be used ad navigated. 
7.3.2 Interviews 
A limitation with regard to the findings of the inventory is that they are based on 
theoretical judgments of a group of (mainly fully sighted) experts, but not on 
real-life observations and experiences of visually impaired persons. For this 
reason we carried out the field study, described in Chapter 6 and discussed in 
the following section. Moreover, before we started the field study, we checked 
the results of the inventory with the experiences of a group of visually impaired 
persons living in the vicinity of one of three different Shared-Space locations 
[14]. Seventeen individuals where interviewed, who visited the locations 
independently and on a regular basis. Most of them went on foot, but some also 
by bike or in a wheelchair. Not all respondents reported the same problems and 
not all of them experienced the same level of difficulty. Environmental aspects 
that were considered disturbing by some could be pleasant in the experience of 
others. For example, cyclists and users of a wheelchair or walker appreciated the 
absence of height differences, whereas most of the other respondents did not. 
Because of the large variation within this group, with regard to their visual 
impairments, mobility skills and familiarity with the locations, and because of the 
differences between the locations, the interviews did not allow for clear and 
representative conclusions. However, the responses provided some insight in 
how the identified issues could be experienced in practice by different individuals 
with a visual impairment. The most important finding was that each of the 
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accessibility problems that were identified in the inventory study was confirmed 
by at least one of the respondents and that no new issues were revealed. 
7.3.3 Shared Space field study 
As also put forward by the interviews, it depends on the specific situation and on 
the abilities of the users whether the theoretically defined potential problems 
identified in Chapter 5 are indeed experienced as difficulties in real life by 
visually impaired users of the areas. This person-environment relationship is the 
essence of accessibility [15]. Chapter 6 approached the issue of accessibility of 
Shared Space for visually impaired people with a comparative study on the 
mobility performance and experiences of a group of 25 visually impaired 
participants in real-life situations, thereby comparing Shared-Space locations 
with conventional locations. 
The results of the field study supported the assumption that Shared Spaces 
can be problematic for visually impaired persons, leading to decreased 
independent mobility. An important outcome of the field study was that 
orientation appears to be the most salient problem in Shared-Space 
environments. The participants reported difficulty with the lack of demarcation 
between the pavement and the street, and with recognizing side streets and 
crossings. This lack of expected cues was very disturbing for their orientation 
and their wayfinding performance. 
The results refined the widespread concerns about the accessibility of 
Shared Space for visually impaired people to the group of blind people in 
particular and not in the least to those using a guide dog. Nearly all of the 
participants who were partially sighted managed to perform the mobility tasks 
independently, without any assistance. However, also in this group Shared 
Spaces were less appreciated than conventional areas. In other words, the fact 
that people can manage to move from one point to the other within a Shared­
Space area does not mean that they enjoy it. This emphasises that is important 
for designers and policymakers to always aim to create an environment that is 
not only accessible to all, but also pleasant for all. Creating environments that 
are pleasant for all users is a basic principle of the Shared-Space concept, but 
has not been reached in the areas that were subject of this study. 
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Importantly, we also found large differences in mobility performance 
between the two Shared-Space locations that were selected for the field study, 
with one location giving rise to more problems with wayfinding than the other. 
These findings indicate that a Shared-Space environment does not necessarily 
impose wayfinding problems for visually impaired people, and that the design 
and lay-out of the environment can make a large difference. 
Although many of the internationally heard concerns about Shared Space 
and visually impaired pedestrians include the issue of safety, our results gave no 
evidence to state that the safety of visually impaired people is threatened. This 
is not to say that safety is not an issue at all (think about the situation with the 
blind person walking on the middle of the street, as described in Chapter 6, 
section 6.4.7). Objective safety could, for obvious reasons, not be measured in 
this study. Participants' ratings for the degree of experienced safety and the 
level of anxiousness while executing the mobility tasks favoured the 
conventional locations above the Shared-Space locations. However, in the 
Shared-Space locations these ratings also were at the positive end of the scale 
and, therefore, did not give rise to finding that subjective safety is a major issue 
in Shared Space. 
7.3.4 Implementation of the results 
During the last years, Royal Dutch Visio, as a centre of expertise for visually 
impaired and blind people, has been regularly approached by designers or 
representatives of communities that are planning to realize a Shared-Space 
area. Often these individuals have heard about possible problems for visually 
impaired persons as a consequence of Shared-Space design, and ask for advice 
and expertise in how to deal with this issue: "Is this really a problem, and, if so, 
what can we do to prevent this?" There was, however, no structured information 
available about the characteristics of Shared Spaces in the Netherlands and their 
associated problems for visually impaired people that allowed for an objective, 
evidence-based answer to this question. With the results of the studies 
described in this thesis, we can confirm that Shared Space indeed involves 
problems for visually impaired people, as was discussed in the previous sections. 
However, as was also concluded in discussions about the results with the project 
partners (see Appendix), these problems do not seem to be unsolvable. The 
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outcome of workshops that were organized with the project partners about 
possible solutions and the management processes needed to achieve these will 
be used for the implementation of the results. 
A final outcome of the project will be the publication of a guide entitled 
"Shared Space for Visually Impaired People - a challenge to designers. Focus 
points for an accessible public space". This guide will become part of a larger 
implementation project that is planned to distribute and consolidate the findings 
of the studies described in Chapters 4 and 5. The guide will explain how visually 
impaired people use environmental elements for the purpose of orientation and 
provide comprehensible recommendations for accessible design for this target 
group, without violating the concept as such. The recommendations will be 
based on the findings from the inventory and the field study, complemented 
with expert knowledge about orientation and mobility requirements for visually 
impaired people. The guide will be distributed among designers, policymakers 
and other professionals that are actively involved in the design of the public 
realm and in particular in the creation of Shared Space. This information should 
reach those professionals in the earliest phase of the project to guarantee that 
the public space can be designed from scratch to be accessible to people with a 
visual impairment. At a further stage, experts on accessibility for visually 
impaired persons should be consulted to discuss design concepts. It is also 
important that the needs of visually impaired people become part of the 
education of traffic engineers and urban designers. The Shared Space 
Knowledge Centre will play an important role in enabling this proposed 
organisational structure. 
Implementation will also be aimed at Orientation and Mobility trainers and 
guide dog instructors. It is important to increase their awareness about the 
concept of Shared Space and its possible consequences with regard to 
orientation and mobility for their visually impaired clients. It is planned to 
include this information as part of the general education of Orientation and 
Mobility instructors in the Netherlands. With regard to the guide dog instructors, 
a start of the implementation was made in a workshop with the Federation of 
Dutch Guide Dog Schools ("Belangenvereniging Blindengeleidehonden 
Nederland", BBN).  Several ideas were suggested for adapting the training of the 
guide dog as well as the instruction to the dog owners with regard to Shared-
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Space situations (e.g. training the dogs to focus more on building lines instead 
of on curbs, and practicing more on squares and country roads). However, it is 
not expected that modified or more intensive training can solve all accessibility 
problems related to Shared Space. 
7.3.5 Directions for further study 
Given the large differences between the Shared-Space locations in this study, it 
is suggested that in the future more data are to be collected about mobility 
performances in a wide range of Shared-Space environments, including busier 
and more urban areas. This should provide more insight into the environmental 
features that facilitate or ameliorate wayfinding for visually impaired persons in 
these situations and so into possible design solutions. Furthermore, this 
information should be coupled with data about successes (or failures) of actual 
O&M training and training with guide dog in Shared-Space situations. Eventually 
this may lead to concrete and evidence-based guidance for improve training 
methods in Shared Space. 
Future studies should also be aimed at testing and evaluating proposed 
design solutions, for instance such as is carried out at the PAMELA lab at 
University College London [16] and at Exhibition Road in London [17]. 
Importantly these solutions should not only be tested in controlled laboratory 
situations, but also need to be evaluated on-site, amidst other traffic, with 
performance measures that are transferrable to real-life situations. 
7.4 Can ETAs offer a solution to the chal lenges in  Shared 
Space? 
An obvious question at this juncture is how the opportunities that are provided 
by ETAs can contribute to decreasing the challenges that Shared-Space 
environments pose to the visually impaired individual's independent wayfinding. 
This section will discuss to what extent the currently available ETAs and other 




ETAs can provide information about the name of the current street and 
about oncoming side streets and crossings. This information can be helpful for 
preventing the visually impaired person from missing a side street or drifting 
into a side street unintentionally, which was one of the problems observed in the 
field study. The information is most reliable when approaching the side street or 
the crossing. When arrived at the crossing, however, the supplied information 
can be incorrect or contradictory due to limitations in accuracy of the GPS 
positioning. For example it can happen that the ETA says that you have entered 
side street A, while you are still on street B, or alternately inform you about 
being in street A, B or C. When walking into the side street a bit further, the 
system recovers from this inconsistency and information becomes more reliable 
again. Standing still can give rise to uncertainty of the information as well. 
These situations require some flexibility of the user, and an ability to anticipate 
the temporarily unreliable information. 
ETAs can not assist in recognizing the border of the pedestrian area (if 
there is any). ETAs make use of general street maps which do not include 
information about pavements or pedestrian areas. More detailed maps would 
thus be required to offer this type of information. Another option may be to use 
the ETA to mark a personal walking route. With the help of a sighted guide, one 
can "geo-tag" orientation points on the way, and follow these tags on the next 
visit. The use of geo-tags can provide valuable support for wayfinding and also 
assist in navigating squares, for example. However, the use of geo-tags for 
identifying whether one is walking in a pedestrian area or on the road, as well as 
the use of detailed maps with information about pavements and street edges 
require a level of accuracy in GPS positioning that can not be offered by the 
currently available techniques. Current civilian GPS offers accuracy to about 10 
metres, which is not sufficient for this purpose. 
In conclusion, ETAs may prevent the visually impaired individual from 
unintentionally walking into a side street, but can not aid in informing about the 
borders of a pedestrian area. Opportunities may increase in the future, when 
GPS positioning may become more reliable and exact, and offer enhanced 
accuracy. This may become possible in the near future, with the planned 
introduction of Galileo in 2014 [18]. Galileo, or the Global Navigation Satellite 
System (GNSS) will be the European equivalent of the US GPS system. The 
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system is promising in that should offer highly accurate positioning, up to 1 
metre or even less. 
Electronic aids for obstacle detection, such as the K-bat Sonar 
(http: //www.batforblind.co.nz/) or the Sonic Pathfinder 
http: //www.sonicpathfinder.org can facilitate orientation in Shared-Space 
environments too. These devices provide information about the near 
environment. They can help to detect nearby obstacles such as parked cars, 
lampposts or poles which can be used to prevent collisions, but can also be used 
for orientation. Moreover, these devices also inform about the proximity of the 
shoreline, which can be relevant for navigation in Shared Spaces. The user hears 
a differentiating beep when moving towards or away from a shoreline or building 
line. With this information one can maintain a fixed distance from the shoreline. 
Even if there is no strictly defined pavement in the Shared-Space environment, 
by closely following the shoreline, one can be quite sure to be on a part of the 
road where no vehicles can be expected. Following the shoreline becomes much 
easier with these devices, compared to using a long cane only. In addition, 
echolocation can be used for this purpose (see 1.3.2). 
The integration of the opportunities provided by different modern 
techniques into one accessible device would probably offer an interesting, 
although still partial, solution to the wayfinding problems in Shared Space. For 
example, the iCane, which is still under development (http: //www.i­
cane.nl/en/home), will provide both obstacle detection and a navigation and 
orientation function, integrated in a long cane. 
Finally, an option would be to physically adapt the Shared-Space 
environment with tags that can be identified by a special receiver or by a mobile 
phone application. The tags could be integrated in a Shared-Space design to 
indicate a safe pedestrian route. Besides that, directional route information 
about how to reach a specific destination, as well as more specific information 
about the environment, can be included. An example of such a system that uses 
RFID tags that are built into paving tiles is RouteOnline [19]. This system has 
been pilot-tested in the Dutch city of The Hague and was combined with GPS. 
The RFID tags were integrated in a tactile guidance line, to make sure that tags 
were not missed. However, for the purpose of marking a walking route in Shared 
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Space, a tacti le gu idance l ine as such, without the RFID tags, would a lso suffice . 
The question then is whether a traditiona l gu idance l ine fits and is desi red with in 
the concept and design of Shared Space. It  would be most interesting both for 
indoor wayfind ing purposes and for navigation in Shared Space if RFID or other 
technology al lowed for fol lowing such an "electronic gu idel i ne" with h igh 
accuracy and without the need of add itional tacti le paving . 
All of the suggested solutions that may be offered now or in the future by 
assistive devices and technology may decrease accessib i l ity problems in Shared 
Space .  However, they are a l l  partial solutions and need to be com bined with 
sufficient mobi l ity ski l ls  and careful environmental design .  The cha l lenge for the 
future is to increase the independence of visua l ly impaired people by further 
developing assistive a ids and by removing environmenta l barriers .  This needs to 
be done in close cooperation with specia l ists on orientation and mobi l ity of 
visua l ly impai red people, gu ide dog tra iners, developers of assistive devices, 
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Wayfinding and Accessibil ity for Visual ly Impaired People 
Opportunities and Challenges 
Introduction 
The studies described in this dissertation are related to the ability of visual ly 
impaired people to independently find their way and move about, either within a 
building or at the street. Two relatively recent developments that have a direct 
impact on wayfinding for visually impaired people are addressed. One of these 
developments is the increasing availability of electronic travel aids for navigation 
(ETAs). Electronic travel aids supply visually impaired people with travel 
information that is not or hardly obtainable without the use of vision, increasing 
opportunities for those who want to travel independently in both familiar and 
unfamiliar places. The other development concerns Shared Space, a relatively 
new trend in environmental design. The particular environmental changes that 
are generally induced by Shared-Space design constitute a possible challenge to 
independent wayfinding for visually impaired individuals in these areas. Chapter 
1 introduces these main topics and the associated research questions. 
Opportunities: Electronic travel aids 
The purpose of an ETA is to assist visually impaired individuals with orientation 
in the environment and to guide navigation towards a destination. For an ETA to 
be effective it should present information that meets the needs of the users. The 
studies described in Chapter 2 and 3 compared the effectiveness of different 
types of verbal information that ETAs can deliver to visually impaired users. The 
ETA that was used for these studied was the Groningen Indoor Route 
Information System (GIRIS), developed at the University Medical Center 
Groningen (UMCG). This indoor ETA functions with Radio Frequency 
Identification (RFID) beacons that are installed at decision points, destinations 
and landmarks in the public hallways of the UMCG. The visually impaired user 
carries a handheld device and automatically receives verbal messages on an 
earphone (that covers only one ear) when he or she approaches the beacons. 
GIRIS guides users to a pre-entered destination in the hospital by delivering 
directional information that is needed to find the destination (further denoted as 
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route information). In addition it can deliver information about landmarks and 
possible destinations that are present on the route (further denoted as 
environmental information). Based on the literature, it was expected that this 
additional environmental information might be helpful to keep oriented during 
wayfinding and also to develop more enriched mental representations of the 
environment. 
Chapter 2 
Chapter 2 reports about a study that investigated how the delivery of route 
information and environmental information affected wayfinding performance of 
visually impaired people. In addition, the preferences of users for the different 
types of information were assessed as well as the influence of having more 
experience with using GIRIS. 
Twenty-four visually impaired individuals participated in a real-life study 
with the use of GIRIS. At three successive visits to the UMCG the participants 
walked eight routes, receiving information about the routes in four different 
conditions. Route instructions were either provided piecemeal by GIRIS while on 
route or given by the experimenter as a complete description at the start of the 
route. Additional information about the environment (landmarks and possible 
destinations on the route) could be added to both types of route instructions. 
Measurements of wayfinding performance included the percentage of preferred 
walking speed and the percentage of routes that were completed without 
assistance of the test leaders. 
It was found that the participants preferred a combination of GIRIS route 
information and GIRIS environmental information, even though this did not 
always result in optimal wayfinding performance. The participants needed less 
assistance from the test leader after receiving a complete description of a route 
before the start than when they received the piecemeal information during the 
route from GIRIS. An advantage of using GIRIS was found for the participants 
with low vision (but not those who were blind), who needed less time to 
complete the route with GIRIS route information than with the route description 
at the start. There was a general increase in wayfinding performance over the 
three sessions. No advantages or disadvantages for wayfinding were found when 




The route instructions and the travelling through the environment provide 
people with spatial knowledge from which they can construct a mental 
representation of the navigated route and the environment. Such a mental 
representation is usually referred to as a cognitive map. For the development of 
user-friendly and effective navigation systems, it is relevant to know what kind 
of spatial information is helpful for visually impaired individuals to construct and 
accurate cognitive map of a route, and how this information should be presented 
to them. 
Chapter 3 describes a study on the spatial knowledge that the participants 
had acquired of the routes that they had walked in the same experiment that is 
described in Chapter 2. The intention of this study was to gain insight in how 
different types of information that were supplied influenced the quality of the 
participants' cognitive maps. In the same experiment as described in Chapter 2, 
we also assessed the participants' spatial knowledge of the routes that they had 
walked. Four different tasks were used to gain insight into the quality of their 
cognitive maps. At the end of the routes, the participants were asked to point to 
the start of the route and to estimate the distance of a specific part of the route 
relative to the total length of the route. In addition, they made a scale model of 
the routes using magnets on a magnetic white board. Finally, at the end of the 
experiment the participants answered route memory questions. 
The results indicated that receiving a complete description of a route before 
the start was more facilitative for the construction of an accurate cognitive map 
than receiving information piecemeal during the route from GIRIS. As was also 
found for the wayfinding performance in Chapter 2, there were no effects of the 
additional delivery of information about the environment. The results of Chapter 
2 and 3 led to some recommendations for improvement of GIRIS and for ETAs in 
general. 
Chapter 4 
Learning how to use an ETA can require a considerable amount of training and 
not all visually impaired individuals might be able to fully master all 
functionalities of the ETA. For rehabilitation centres and health insurance 
companies, it is relevant to know whether a visually impaired person sufficiently 
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masters the use of a particular ETA and whether using the device indeed 
decreases or solves the earlier experienced mobility problems. Since ETAs are 
still rather expensive, the purchase of an ETA that might not be frequently used 
in the long run should be avoided. 
The study described in Chapter 4 evaluated a 2-phase protocol that was 
developed to assess the effectiveness of electronic travel aids for individuals who 
are visually impaired. Twenty visually impaired persons used an electronic travel 
device (Trekker) for six weeks conform to this protocol. Phase 1 of the protocol, 
the Identification Phase, involved a list of criteria to identify those persons who 
might benefit from the use of an ETA. When an applicant sufficiently fulfills the 
identification criteria, he or she can enter Phase 2, the Intervention Phase. This 
phase involved a 6-week training and habituation period, including structured 
training in the use of the device, repeated tests to assess the applicants' ability 
to operate and use the device and a before-and-after assessment of the 
experienced mobility problems. The protocol was found to be useful in 
identifying successful users of the device. At the end of the six-week period, 
fifteen participants could be classified as being sufficiently capable of using 
Trekker independently, based on their scores on the performance assessments. 
Thirteen of these fifteen indicated that the orientation and mobility problems 
they initially mentioned had been solved or ameliorated with the use of Trekker. 
For those thirteen participants Trekker could be considered a beneficial ETA. 
Based on these findings, we advised financing institutions and rehabilitation 
centers to use a protocol similar to the one that has been evaluated in this 
study. Applicants' skills and ability to use the device independently should be 
measured as well as a reduction in their mobility problems. We recommended 
providing at least three individual training sessions before deciding whether the 
applicant sufficiently masters the use of the device to benefit from it. A 
habituation period of at least six weeks gives the applicants the opportunity to 
demonstrate and experience whether the device is the proper solution for their 
particular mobility situation. An adapted version of the protocol is currently 
being implemented at the two rehabilitation centers for visually impaired people 
in the Netherlands, Bartimeus and Royal Visio. 
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Chal lenges: Shared Space 
Shared Space is a concept related to both the planning processes and the design 
and use of the public space. Since the 1990s the concept became increasingly 
popular and implemented throughout Europe and beyond. Shared Space aims to 
create an environment in which the traffic function is no longer dominant, but 
where motorized traffic should feel and behave as guests. The design generally 
involves the minimization of conventional infrastructure (e.g., kerbs, crossroads, 
traffic lights) and the absence of separation between different traffic flows, 
thereby intentionally reducing structure and predictability. The particular layout 
and design should stimulate users to behave cautiously and socially, e.g. by 
driving slowly and making eye contact. 
There are serious concerns about the accessibility of Shared-Space 
environments for people who are visually impaired. These concerns are related 
to the intended way of communication that is mainly based on visual interaction, 
to the minimized physical structure and to the low predictability in Shared-Space 
environments. It is feared that Shared-Space environments may lead to serious 
problems with wayfinding and/or feelings of unsafety, and that visually impaired 
individuals may feel forced to avoid these areas. Royal Dutch Visio, centre of 
expertise for blind and partially sighted people, started a research project with 
the aim to assess as objectively as possible which are the actual problems that 
visually impaired people can encounter in a Shared-Space environment. 
Chapter 5 
Chapter 5 gives a systematic overview of the physical characteristics of ten 
Shared Spaces in the Netherlands. The level of hindrance that these 
characteristics could cause visually impaired users of these spaces was judged 
by a group of experts in the field of orientation and mobility. In addition, 
compliance of the selected locations with existing guidelines for accessibility was 
assessed. 
With regard to the general characteristics of the Shared-Space locations 
selected for this study, we identified some common elements, including the 
absence of traffic lights and kerbs and of a clearly defined separation between 
vehicles and pedestrians. However, the diversity in possible realisations of the 
concept was the most notable finding. Based on the judgements of an expert 
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group and on the observed frequency of the characteristics, we identified some 
important accessibility problems for visually impaired persons that can result 
from the implementation of Shared-Space design. Assessment of compatibility 
with existing accessibility guidelines showed that none of the locations met all of 
the guidelines that are relevant to visually impaired users. The identified 
accessibility problems and the findings from the accessibility-guidelines 
compatibility check indicated that the accessibility for visually impaired people 
may indeed be seriously at risk in Shared Space. 
Chapter 6 
The aim of the study described in Chapter 6 was to investigate in a real life 
situation how a Shared-Space environment affects the wayfinding performance 
of visually impaired people and how they experience these environments. In a 
comparative field study, 25 visually impaired participants performed mobility 
assignments in two Shared-Space areas and in two conventionally designed 
areas. At each location, they walked six short routes and afterwards there were 
questions about their experiences during walking. 
It was found that for all participants it took more time to complete the 
routes in the Shared-Space areas than in the conventionally designed areas. 
While most of the partially sighted participants were able to complete the routes 
independently, the blind participants, especially in Shared-Space areas and in 
particular the four participants with a guide dog, needed more assistance. 
Orientation appeared to be the most salient problem in Shared-Space 
environments. The participants reported difficulty with the lack of demarcation 
between the pavement and the street, and with recognizing side streets and 
crossings. Participants further reported not to be very insecure or anxious. 
However, in the blind participant group, only 46% could imagine learning to 
walk a route independently in one of two Shared-Space areas (compared to 92% 
in the conventional areas). There was a notable difference in mobility 
performance between the two Shared-Space locations that were selected for the 
field study, the one location giving rise to more problems with wayfinding than 
the other. 
The results of the field study supported the assumption that Shared Spaces 
can be problematic for visually impaired persons, leading to decreased 
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independent mobility. The findings also indicated, however, that a Shared-Space 
environment does not necessarily impose wayfinding problems for visually 
impaired people, and that the design and lay-out of the environment can make a 
large difference. Implementation of the results will therefore aim at developing 
recommendations for designers to guarantee that the public space can be 
designed from scratch to be accessible to people with a visual impairment. Also 
O&M instructors and guide-dog trainers should be aware of the problems 
associated with Shared Space and think about how they can adjust their training 
to the specific circumstances. 
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Summary in Dutch 
SAMENVATTING 
Orientatie, mobiliteit en toegankelij kheid 
voor blinde en slechtziende mensen. 
Mogelijkheden en moeil ijkheden. 
Introductie 
Voor mensen die blind of slechtziend zijn, is het niet vanzelfsprekend dat zij op 
straat of in een groat gebouw zelfstandig van A naar B kunnen gaan. Hiervoor 
moeten zij zich op een veilige manier door de omgeving kunnen verplaatsen 
(mobiliteit) en is het nodig dat ze weten waar ze zijn en waar ze naartoe moeten 
(orientatie). Beperkingen op het gebied van orientatie en mobiliteit behoren tot 
de belangrijkste problemen die voorkomen als gevolg van een visuele beperking 
en kunnen een grate invloed hebben op het dagelijks leven en de 
maatschappelijke participatie. Bij de vraag of blinde en slechtziende mensen zich 
zelfstandig kunnen verplaatsen en hun weg kunnen vinden spelen naast hun 
vaardigheden in orientatie en mobiliteit ook de hiervoor beschikbare 
hulpmiddelen en de toegankelijkheid van de omgeving een essentiele rol. 
De studies die in dit proefschrift warden beschreven gaan in op twee relatief 
recente ontwikkelingen die direct gerelateerd zijn aan orientatie en mobiliteit 
van en toegankelijkheid voor blinde en slechtziende mensen. Een van deze 
ontwikkelingen is de komst van elektronische navigatiehulpmiddelen, zeals GPS­
apparatuur. Elektronische navigatiehulpmiddelen kunnen blinde en slechtziende 
mensen voorzien van reisinformatie, zeals de huidige positie en de richting naar 
de gewenste bestemming, die niet of nauwelijks verkregen kan warden zonder 
een normaal gezichtsvermogen en die kan helpen bij het orienteren en het 
vinden van een bestemming. Deze hulpmiddelen vergroten daarmee de 
mogelijkheden om zelfstandig te reizen in bekende en onbekende omgevingen. 
De andere ontwikkeling waar het onderzoek zich op richt betreft Shared 
Space, een relatieve nieuwe trend in het plannen en vormgeven van de 
openbare ruimte, waarbij het verblijfskarakter van straten en pleinen wordt 
benadrukt en voetgangers, fietsers en ander verkeer de ruimte met elkaar 
delen. Vaak wordt hierbij de gebruikelijke structuur van de straat 
(verkeerslichten, stoepranden, oversteekplaatsen) geminimaliseerd. Dergelijke 
veranderingen in de inrichting van de straat zouden het voor blinde en 
174 
SAMENVAffiNG 
slechtziende mensen moeilijk kunnen maken om in Shared Space-gebieden 
zelfstandig hun weg te vinden. 
Hoofdstuk 1 licht deze twee ontwikkelingen nader toe en introduceert de 
onderzoeksvragen. 
Mogelijkheden: Elektronische navigatiehulpmiddelen 
Algemeen bekende elektronische navigatiehulpmiddelen zijn de GPS-apparaten 
die gebruikt worden tijdens autoritten of wandeltochten. Hiervan zijn ook 
varianten uitgebracht die geschikt zijn voor gebruik door blinde en slechtziende 
mensen. Deze GPS-apparaten zijn echter alleen geschikt om in de open lucht te 
gebruiken; in gebouwen zeals een stationsgebouw, een winkelcentrum of een 
ziekenhuiscomplex werken ze niet of zijn ze heel onbetrouwbaar. Daarom is voor 
de studies die in de hoofdstukken 2 en 3 zijn beschreven, het Groningen Indoor 
Route Information System (GIRIS) ontwikkeld. GIRIS werkt met Radio 
Frequency Identification (RFID) bakens die zijn opgehangen in de openbare 
gangen van het UCMG. Deze bakens bevinden zich bij beslispunten, bij 
mogelijke bestemmingen (dit zijn alle poliklinieken) en bij belangrijke punten 
langs de route, zoals een restaurant of de toiletten. De blinde of slechtziende 
gebruiker draagt een ontvanger bij zich met een hoofdtelefoon of een oortje. 
Hierop ontvangt hij of zij automatisch gesproken berichten wanneer hij of zij in 
de buurt van een van de bakens komt. GIRIS biedt twee verschillende soorten 
gesproken informatie: route-informatie en omgevingsinformatie. Route­
informatie bestaat uit informatie over de te volgen richting naar een vooraf 
ingestelde bestemming in het ziekenhuis (bijvoorbeeld: "ga linksaf"). 
Omgevingsinformatie bestaat uit informatie over ' landmarks' en andere 
mogelijke bestemmingen die men passeert op de route (bijvoorbeeld: "rechts 
van u is het restaurant"). Op basis van de literatuur werd verwacht dat 
omgevingsinformatie in aanvulling op route-informatie zou kunnen helpen bij de 
orientatie ti jdens het volgen van de route en bij het opbouwen van een ri jkere 
mentale representatie van de omgeving . 
Hoofdstuk 2 
Hoofdstuk 2 beschrijft een studie waarin wordt onderzocht hoe route- informatie 
en omgevingsinformatie het vinden van de weg door blinde en slechtziende 
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gebruikers kunnen be'invloeden. Ook werden de voorkeuren van gebruikers voor 
de verschillende soorten informatie in kaart gebracht en werd gekeken wat de 
invloed was van het hebben van meer ervaring met het gebruik van GIRIS op 
hun prestaties. 
Vierentwintig vrijwilligers met een visuele beperking hebben deelgenomen 
aan een praktijkstudie in het UMCG met gebruik van GIRIS. Iedere deelnemer 
kwam drie keer naar het UMCG en liep per sessie acht routes door de gangen 
van het UMCG. Bij de ene helft van de routes kregen ze een volledige 
routebeschrijving te horen bij de start van de route. Bij de andere helft van de 
routes werd de route-informatie onderweg, van baken tot baken, uitgesproken 
door GIRIS. In beide gevallen kon hieraan extra omgevingsinformatie warden 
toegevoegd, die onderweg ook werd gegeven door GIRIS. Zo ontstonden er vier 
verschillende condities waarin men informatie kon ontvangen. 
De resultaten van dit onderzoek lieten zien dat de deelnemers de voorkeur 
gaven aan de route-informatie zeals onderweg gegeven door GIRIS, 
gecombineerd met de GIRIS-omgevingsinformatie. Deze combinatie leidde 
echter niet altijd tot optimale prestaties bij het lopen van de routes. Het bleek 
dat de deelnemers minder vaak assistentie van de proefleiders nodig hadden 
wanneer zij een volledige routebeschrijving aan de start van de route hadden 
gekregen dan wanneer zij de deze informatie stukje bij stukje onderweg van 
GIRIS te horen kregen. Hoewel deze bevinding ten nadele is van het gebruik van 
GIRIS, is de verwachting dat bij langere routes het voordeel van de 
routebeschrijving zal wegvallen omdat het dan lastiger wordt om de (lange) 
beschrijving gedurende de route te onthouden. Een positief effect van het 
gebruik van GIRIS werd gevonden voor de slechtziende deelnemers: zij hadden 
minder tijd nodig om de routes te lopen met route-informatie van GIRIS dan 
met een routebeschrijving aan de start van de route. Dit gold echter niet voor 
de blinde deelnemers. Wellicht zijn de blinde deelnemers meer gewend aan het 
onthouden van route instructies. Sommige van hen gaven aan dat ze onderweg 
meer gedetailleerde berichten van GIRIS nodig hadden om hier echt van te 
kunnen profiteren. 
De prestaties tijdens het lopen verbeterden naarmate men meer ervaring 
had met het systeem en de te lopen routes. Er werden geen voor- of nadelen 
gevonden van het ontvangen van extra informatie over de omgeving, ook niet, 
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zoals werd verwacht, als men het systeem vaker had gebruikt en meer gewend 
was aan de informatie. Het zou kunnen dat er meer en ook relevantere 
landmarks nodig zijn om hiervan een duidelijk effect te kunnen vinden op de 
prestaties bij het lopen van de routes. 
Hoofdstuk 3 
Hoofdstuk 3 beschrijft het onderzoek naar de ruimtelijke kennis die de 
deelnemers hadden verkregen van de routes die ze hadden gelopen in het 
experiment dat ook wordt beschreven in hoofdstuk 2. De route-instructies en 
het lopen door de omgeving geven ruimtelijke informatie waarmee men een 
mentale representatie van de route en de omgeving kan vormen. Een dergelijke 
mentale representatie wordt ook wel een cognitieve kaart genoemd. Voor het 
ontwikkelen van gebruiksvriendelijke en effectieve navigatiesystemen is het 
belangrijk om te weten met welke ruimtelijke informatie de meest nauwkeurige 
cognitieve kaart wordt opgebouwd en hoe deze informatie het beste aan de 
gebruiker aangeboden kan warden. 
Het doel van deze studie was om inzicht te krijgen in de kwaliteit van de 
cognitieve kaart die de deelnemers hadden opgebouwd van de gelopen routes 
en te onderzoeken hoe de verschillende soorten informatie die men al dan niet 
onderweg ontving en het hebben van meer ervaring met gebruik van GIRIS 
hierbij een rol spelen. 
Hiertoe werden vier verschillende tests afgenomen. Aan het eind van de 
routes werd de deelnemers gevraagd om te wijzen naar het beginpunt van de 
route en naar een punt halverwege de route. Ook werd ze gevraagd een 
schatting te maken van de lengte van een deel van de route in verhouding tot 
de totale lengte van de route en maakten ze een schaalmodel van de routes met 
kleine magneetjes op een whiteboard. Tenslotte beantwoordden de deelnemers 
aan het eind van het experiment een aantal geheugenvragen over de routes 
(bijvoorbeeld : 11A/s u met uw rug naar de receptie staat en u wilt naar de 
winkelstraat, moet u dan naar links of naar rechts ?"). 
De resultaten lieten zien dat de cognitieve kaart die de deelnemers van de 
route hadden gevormd over het algemeen nauwkeuriger was na het ontvangen 
van een volledige routebeschrijving bij de start van een route dan wanneer de 
route-informatie onderweg door GIRIS was gegeven. Deze bevinding komt 
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overeen met de algemene indruk van veel autobestuurders dat ze bij het 
gebruik van een navigatiesysteem minder onthouden van de route. Desondanks 
kiezen veel mensen, oak de deelnemers van dit onderzoek, voor het gebruik van 
een navigatiehulpmiddel, omdat het een gevoel van onafhankelijkheid geeft. 
In het experiment had het aanbieden van extra omgevingsinformatie geen 
effect op de vorming van de cognitieve kaart. Wellicht zou het aanbieden van 
meer en meer relevante landmarks wel tot een positief effect kunnen leiden op 
de constructie van een cognitieve kaart, zoals oak werd gesuggereerd voor de 
prestaties tijdens het lopen van de route. Het hebben van meer ervaring met het 
gebruik van GIRIS en de routes, had weinig effect op de kwaliteit van de 
cognitieve kaart. 
De resultaten van Hoofdstuk 2 en 3 hebben geresulteerd in een aantal 
aanbevelingen voor verbetering van GIRIS en voor elektronische 
navigatiehulpmiddelen in het algemeen. Zo zouden deze hulpmiddelen de optie 
moeten hebben om te kiezen voor meer details in de route-informatie (zoals de 
afstand tot het volgende baken) en een optie om een volledige routebeschrijving 
vooraf te horen. Oak zouden bakens dichter bij elkaar geplaatst moeten kunnen 
warden zodat men onderweg vaker bevestiging krijgt dat men nag op de goede 
route zit en ook eerder doorheeft dat men van de route is afgedwaald. 
Hoewel een groat deel van de deelnemers tijdens het onderzoek in staat 
bleek om met behulp van GIRIS zelfstandig hun eindbestemming te bereiken, 
kwam het toch oak nag vaak voor dat men hulp nodig had van de proefleiders. 
De betrouwbaarheid van GIRIS als navigatiehulpmiddel in zijn huidige vorm is 
onvoldoende om zelfstandig gebruikt te warden. Bovendien was de bediening 
(niet besproken in dit proefschrift) nog niet voldoende aangepast voor gebruik 
door blinde en slechtziende mensen. Het systeem is daarom na afloop van dit 
onderzoek niet in gebruik genomen. 
Hoofdstuk 4 
Om een elektronisch navigatiehulpmiddel te leren gebruiken is over het 
algemeen behoorlijk wat training nodig. Niet alle blinde en slechtziende mensen 
zullen in staat zijn om alle functies van een elektronisch navigatiehulpmiddel te 
gebruiken. Voor revalidatiecentra en verzekeringsmaatschappijen die te maken 
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hebben met het adviseren over en het vergoeden van elektronische 
navigatiehulpmiddelen aan blinde en slechtziende aanvragers, is het belangrijk 
om te weten of een aanvrager voldoende vaardig is in het gebruik van het 
hulpmiddel en of het gebruik van het hulpmiddel ook daadwerkelijk leidt tot het 
verminderen van de eerder ervaren mobil iteitsproblemen. Omdat elektronische 
navigatiehulpmiddelen nog steeds vrij kostbare hulpmiddelen zijn, moet 
voorkomen worden dat er een elektronisch navigatiehulpmiddel wordt 
aangeschaft die niet of nauwelijks wordt gebruikt. 
Hoofdstuk 4 beschrijft een onderzoek waarin een 2-fasen protocol wordt 
geevalueerd dat was ontwikkeld in opdracht van het Col lege voor 
Zorgverzekeringen om de effectiviteit van elektronische navigatiehulpmiddelen 
voor individuele blinde of slechtziende aanvragers vast te stellen. De eerste fase 
van dit protocol, de Identificatie fase, bestaat uit een lijst met criteria om te 
bepalen of een persoon een geschikte kandidaat is voor een elektronisch 
navigatiehulpmiddel. Wanneer een aanvrager geschikt wordt bevonden kan hij 
of zij verder naar fase 2, de verstrekkingsfase. Deze fase bestaat uit een 6-
weeks trainings- en gewenningsprogramma, met gestructureerde training in het 
gebruik van het hulpmiddel, herhaalde tests om de vaardigheid in het gebruik te 
meten en een voor- en nameting van de ervaren mobiliteitsproblemen. 
Om de bruikbaarheid van het voorgestelde protocol te onderzoeken werd 
een experiment uitgevoerd waarbij twintig mensen met een visuele beperking 
zes weken tang een elektronisch navigatiehulpmiddel (de Victor Trekker) 
gebruikten volgens dit protocol. Het protocol bleek geschikt om succesvolle 
gebruikers van het hulpmiddel te identificeren. Aan het eind van de 6-weekse 
gebruiksperiode konden vijftien deelnemers op basis van hun scores op de 
vaardigheidstests worden geclassificeerd als voldoende vaardig om de Trekker 
zelfstandig te gebruiken. Dertien van deze vijftien gaven op een vragenlijst aan 
dat hun eerder ervaren problemen op het gebied van orientatie en mobiliteit in 
hun beleving waren verminderd of zelfs verdwenen. Voor deze dertien mensen 
kon de Trekker als een effectief elektronisch navigatiehulpmiddel worden 
beschouwd. 
Op basis van deze evaluatiestudie is verzekeraars en revalidatiecentra 
geadviseerd om bij de verstrekking van elektronische navigatiehulpmiddelen een 
soortgelijk protocol te gebruiken, waarbij zowel de vaardigheid van de aanvrager 
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om het hulpmiddel zelfstandig te gebruiken als een vermindering van de eerder 
ervaren mobiliteitsproblemen vastgesteld kan warden. Aanbevolen werd om 
minstens drie individuele trainingssessies aan te bieden voordat besloten wordt 
of de aanvrager voldoende vaardig is in het gebruik van het hulpmiddel om er 
voordeel van te hebben. Een gewenningsperiode van minimaal zes weken geeft 
de aanvrager en de verstrekker de kans om te bekijken of het hulpmiddel al dan 
niet een geschikte oplossing is voor de eerder ervaren problemen op het gebied 
van orientatie en mobiliteit. Een aangepaste versie van het protocol wordt 
momenteel toegepast bij de twee revalidatie centra voor blinde en slechtziende 
mensen in Nederland, Koninklijke Visio en Bartimeus. 
Moeil ijkheden: Shared Space 
Shared Space is een relatief nieuw concept dat betrekking heeft op de planning 
en het ontwerp van straten en pleinen. Sinds de jaren '90 van de vorige eeuw is 
de aandacht voor Shared Space toegenomen en wordt het concept steeds vaker 
toegepast, zowel in Nederland als elders in Europa en daarbuiten. Wat het 
ontwerp van de openbare ruimte betreft is het doel van Shared Space om 
plaatsen te creeren waarin het prettig is om te verblijven en waarin 
gemotoriseerd verkeer niet de overhand heeft, maar eerder te gast is. Het 
ontwerp behelst doorgaans het minimaliseren van conventionele infrastructuur 
zeals verkeersborden, verkeerslichten, stoepranden en oversteekplaatsen. Vaak 
ontbreekt een traditionele indeling in rijbanen, fietspaden en trottoirs. De 
inrichting die hiermee ontstaat, moet de verschillende verkeersdeelnemers 
stimuleren tot voorzichtig en sociaal gedrag, zeals langzamer rijden en het 
maken van oogcontact. 
Met betrekking tot de toegankelijkheid van Shared Space-omgevingen voor 
slechtziende en blinde mensen hebben verschillende belangenorganisaties hun 
zorgen geuit. Er wordt gevreesd voor problemen met het orienteren en voor 
gevoelens van onveiligheid als gevolg van het ontbreken van de gebruikelijke 
structuur. Dit kan tot gevolg hebben dat slechtziende en blinde mensen deze 
gebieden gaan mijden. Omdat er hier nog weinig structureel onderzoek naar was 
gedaan, is Koninklijke Visio, expertisecentrum voor slechtziende en blinde 
mensen, een onderzoeksproject gestart, met als doel systematisch te 
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inventariseren en te observeren welke knelpunten en uitdagingen een Shared 
Space-omgeving op kan leveren voor blinde en slechtziende mensen. 
Hoofdstuk 5 
Hoofdstuk 5 geeft een systematisch overzicht van de fysieke kenmerken van 
tien Shared Space-locaties in noord Nederland. Hierbij is de diversiteit aan 
realisaties van het concept het meest opvallend. De onderzochte gebieden 
hebben onder meer gemeenschappelijk dat er geen verkeerslichten zijn en dat 
een duidelijk gedefinieerde afscheiding tussen ruimte voor gemotoriseerd 
verkeer en voetgangers ontbreekt. 
Een groep van experts op het gebied van orientatie en mobiliteit heeft de 
mate waarin de ge'inventariseerde fysieke kenmerken een beperking kunnen 
vormen voor het gebruik van de ruimte door blinde en slechtziende mensen 
beoordeeld. Op basis van deze oordelen en van de frequentie waarin de 
verschillende kenmerken op de locaties werden waargenomen, zijn een aantal 
belangrijke knelpunten benoemd die de toepassing van het Shared Space­
concept kan opleveren met betrekking tot de toegankelijkheid voor blinde en 
slechtziende mensen. Daarnaast is de mate waarin de geselecteerde locaties in 
overeenstemming zijn met de bestaande richtlijnen voor toegankelijkheid 
vastgesteld. Hieruit bl eek dat geen van de locaties voldoet aan alle voor blinde 
en slechtziende mensen relevante richtlijnen. 
Hoofdstuk 6 
Het doel van de studie die in Hoofdstuk 6 wordt beschreven, was om in 
bestaande situaties te onderzoeken in hoeverre een Shared Space-omgeving de 
zelfstandige orientatie en mobiliteit van blinde en slechtziende mensen 
be'invloedt en hoe blinde en slechtziende mensen deze omgeving ervaren. 
Vijfentwintig vrijwilligers met een visuele beperking namen deel aan een 
vergelijkende veldstudie en voerden gestandaardiseerde mobiliteitsopdrachten 
uit op twee Shared Space-locaties en op twee conventioneel ingerichte locaties. 
Op iedere locatie liepen ze zes korte routes en na iedere route werden vragen 
gesteld over hun ervaringen tijdens het lopen. 
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Alie deelnemers hadden op de Shared Space-locaties meer tijd nodig om de 
routes te lopen dan op de conventionele locaties. Terwijl de meeste slechtziende 
deelnemers de routes zelfstandig konden lopen, hadden de meeste blinde 
deelnemers, met name in de Shared Space-gebieden en vooral de vier blinde 
deelnemers die een blindengeleidehond hadden, vaker hulp nodig van de 
proefleider. Orientatie ,l·eek in dit onderzoek het grootste probleem te zijn op de 
Shared Space-locaties. De deelnemers gaven aan dat ze het lastig vonden dat er 
geen onderscheid was tussen de stoep en de rijbaan en dat ze moeite hadden 
met het herkennen van zijstraten en oversteekplaatsen. Een ander belangrijk 
resultaat was dat er tussen de twee Shared Space-locaties die waren 
geselecteerd voor het onderzoek een duidelijk verschil werd gevonden in de 
zelfstandige orientatie en mobiliteit van de deelnemers. De ene locatie gaf 
duidelijk meer problemen dan de ander en voor een van de twee Shared Space­
locaties gold dat het merendeel van de blinde deelnemers zich niet kon 
voorstellen er zelfstandig een route te kunnen leren. 
De resultaten van de inventarisatie (Hoofdstuk 5) en de veldstudie (Hoofdstuk 
6) bevestigden de verwachting dat een inrichting van de open bare ruimte 
volgens het Shared Space-concept voor slechtziende en vooral voor blinde 
mensen kan leiden tot moeilijkheden op het gebied van orientatie en mobiliteit. 
Het onderzoek laat echter ook zien dat dit niet per se het geval hoeft te zijn en 
dat het ontwerp van de omgeving een groat verschil kan maken . De 
onderzoeksresultaten warden daarom aangewend voor het samenstellen en 
verspreiden van een gids met aanbevelingen voor ontwerpers van Shared 
Space-gebieden, om te garanderen dat de openbare ruimte van begin af aan zo 
kan warden vormgegeven dat deze ook voor blinde en slechtziende mensen 
toegankelijk is. Ook voor orientatie- en mobiliteitsinstructeurs en trainers van 
blindengeleidehonden is het van belang dat zij zich bewust warden van de 
problemen die kunnen voorkomen bij Shared Space gebieden, zodat zij hun 





Dit proefschrift is het resultaat van een combinatie van drie onderzoeksprojecten 
die ik heb uitgevoerd bij de afdeling Oogheelkunde van het Universitair Medisch 
Centrum Groningen (UMCG) en bij Koninklijke Visio in Haren. Verschillende 
mensen hebben een bijdrage geleverd aan deze projecten en ik wil hen op deze 
plaats hiervoor bedanken. 
De eerste drie mensen die ik wil bedanken zijn mijn promoter, Aart 
Kooijman, en mijn twee copromotors, Frank Steyvers en Bart Melis-Dankers. 
Zender jullie was dit proefschrift er hoe dan ook niet geweest. Bedankt dat jullie 
het initiatief namen voor dit onderzoek en dank voor jullie vertrouwen in mij. Ik 
heb onze samenwerking als heel prettig ervaren en ik heb van jullie alle drie 
veel geleerd. Aart, ik heb veel gehad aan je altijd rustige en oplossingsgerichte 
houding. Ik ken niemand die zo precies naar teksten, tabellen en figuren kan 
kijken als jij. Nag net op de valreep ben ik jouw laatste promovendus! Frank, we 
hebben de afgelopen jaren veel studenten begeleid en ik vend het leuk om dat 
samen met jou te doen. Je betrokkenheid, optimisme en inventiviteit heb ik zeer 
gewaardeerd. Bart, je inzet bij het Shared Space-project en alles wat daarbij 
kwam kijken was ongekend. Ik bewonder je gedrevenheid en je kritische blik. 
Fantastisch hoe je samen met Frank en de studenten in de periode na mijn ski­
ongeluk het project draaiende hebt weten te houden. 
Ook wil ik Wiebe Brouwer, Karel Brookhuis en Anneke Hooymans bedanken 
voor hun deelname aan de leescommisie en hun aandacht voor mijn proefschrift. 
Dank oak aan Stichting ZonMw Inzicht die een groat deel van het onderzoek 
heeft gesubsidieerd. 
Aan alle drie de projecten de in dit proefschrift zijn beschreven hebben 
blinde en slechtziende vrijwilligers meegewerkt. Zij legden diverse parkoersen af 
in het UMCG of op straat. Per keer waren ze hiermee al snel een dagdeel bezig 
en dit was vaak best vermoeiend. Ik ben deze vrijwilligers dan ook ontzettend 
dankbaar voor hun medewerking en motivatie. Zender hen was dit onderzoek 
niet mogelijk geweest. 
De vrijwilligers werden begeleid door psychologiestudenten van de 
Rijksuniversiteit Groningen. Alie studenten van de GIRIS- en Trekker­
Bachelorgroepjes (Anne, Ulrike, Filize, Petra, Marijke, Ilse, Suzanne, Ilka, 
Menno, Carolin, Inge, Marjanne, Hilde, Roel, Wilto, Nika, Niels, Julia, Wybe Jan, 
Cor, Sophie, Agnes, Robert, Ekelien, Roelie-Wieke, Willem, Lisanne, Marjan): 
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heel erg bedankt! In het bijzonder wil ik de studenten bedanken die mee hebben 
gewerkt aan de Shared Space-veldstudie. Precies op het moment dat de 
veldstudie in de steigers gezet en uitgevoerd moest worden viel ik bij het skien 
op mijn hoofd en het duurde een jaar voordat ik weer volledig aan het werk was. 
Ondanks mijn afwezigheid heeft het project in die tijd voor een groot deel 
gewoon door kunnen lopen en dat was voor een groot deel te danken aan 
Daphne, Jolinde, Gijs en Anouk. Dank jullie wel voor jullie geweldige inzet, jullie 
hebben keihard gewerkt en heel goed werk geleverd. 
Verder wil ik Frits Polman en Mark Hattink van GuideID bedanken voor het 
technische gedeelte van het GIRIS project, en Arend Jan van Dongen en Bart 
Zwager van Optelec voor het ter beschikking stellen van de Trekkers en het 
verzorgen van de groepsinstructies. Ook alle projectpartners van het Shared 
Space-project wil ik bij deze bedanken voor hun bijdrage. Daarbij wil ik apart 
Sabine Lutz, namens Shared Space Instituut en later Pieter de Haan namens het 
Kenniscentrum Shared Space van de NHL Hogeschool Leeuwarden en ook Dick 
van Veen van Mobycon bedanken voor de prettige en belangrijke samenwerking 
en jullie enthousiasme om Shared Space ook vanuit het perspectief van blinde 
en slechtziende mensen te benaderen. Kees Tinga, Frans Heitz en collega's van 
het KNGF, ik heb genoten van mijn bezoekjes aan de geleidenhondenschool in 
Amstelveen. De presentatie bij het IGFD Seminar in Parijs was een mooi 
resultaat van onze samenwerking. 
Mijn kamergenoten in het UMCG - door de jaren heen wat dat er best veel: 
Kim, Marielle, Adit, Christiaan, Wietse, Esther, Michael, Francisco, Margriet, Tim, 
Lisanne, Lisette - dank voor de gezellige afleiding en de goede sfeer. Fenna, 
Ella, Stella en Wim, dank voor jullie ondersteuning voor de altijd soepele 
afhandeling van allerlei praktische zaken. 
Van de collega's bij Visio wil ik in het bijzonder Rianne van Wingerden 
bedanken voor haar bijdrage aan het Shared Space-project en het mentorschap 
bij mijn O&M-cursus; Hanneke van der Velde en Christiaan Pinkster voor hun 
betrokkenheid bij de projecten en Hanneke ook voor het verzorgen van de 
minicursus O&M voor de studenten; en tenslotte Karianne Meijer voor haar hulp 
bij de data invoer. 
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En dan natuurlijk Marjolein en Sanne. Wat fijn dat we zulke goede 
vriendinnen zijn en wat bijzonder dat jullie mijn paranimfen zijn! Bedankt voor 
alle hulp. Ik hoop dat ik het straks net zo goed doe als jullie. 
Tot slot: Ik had dit werk niet kunnen doen als ik buiten werktijd niet zo 
gelukkig was geweest met de mensen om mij heen. Lieve Alex,Wijbrand, 
Marieke, Klaske, Jan, lieve vrienden en vriendinnen: ik maak graag van de 
gelegenheid gebruik om ook jullie op deze plek te bedanken. Wat fijn dat jullie 
er zijn! 
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